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From the expanded 


facilities of New Departure.. 


a complete line of 


miniature bearings! 


The most exacting needs of today’s precision industries 
are met by New Departure’s complete line of miniature 
ball bearings, ¥%” (.375”) outside diameter and smaller 


GENERAL 
— Made with extreme accuracy, these tiny steel “jewels 
y | 


NE w “ are assembled, torque-tested, and packed in pressurized 
atmosphere-conditioned areas of surgical cleanliness, assur 
ing performance and dependability of the highest ordef 


For full information about miniature bearings, or for é 
gineering help on your bearing problems, contact Ne 
Departure, Division of General Motors, Bristol, Conn. 


NOTHING ROLLS LIKE A BALL 
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1.A.S. News Notes 


March 1956 


WILLIAM R,HAWTHORNE, MIAS, the first Hunsaker Professor of Aeronautical 
Engineering at Massachusetts Institute of Technology, will deliver the first 
Minta Martin Lecture before IAS meetings infour centers of aeronauticalactiv- 
ity. His paper is entitled''The Aerodynamics of Aircraft Engines. '' Professor 
Hawthorne will speak March 21 at University of Maryland, with Baltimore, 
Washington, and Hagerstown members in attendance. On March 22 the Boston 
Section will hear him at M.I,T. The March 26 lecture will be held in the IAS 
Building, Los Angeles, with California Institute of Technology participating. 


The Cleveland-Akron Section will meet at Case Institute of Technology April 
11 for the final lecture. 


THE ANNUAL ELECTRONICS ISSUE of the Review will be published in May. 
Twelve of the electronics papers delivered at the Annual Meeting will be pub- 


lished in full, in addition to several special articles written specifically for 
this issue, 


NATIONAL MEETINGS CALENDAR 


March 9 FlightPropulsion Meeting (Confidential), Hotel Carter, Cleveland. 

June 18-21 Summer Meeting, IAS Building, Los Angeles, California. 

Aug. 15-17 Turbine-Powered Air Transportation Meeting, Grant Hotel, San 
Diego, California. 


JOINT MEETINGS CALENDAR 


Mar. 14-16 ASME -ARS -IAS Conference on Air Cargo & Air Logistics and 
Thermal Barrier, Hotel Statler, Los Angeles. 

May 14-16 IRE National Conference on Aeronautical Electronics, Biltmore 
Hotel, Dayton, IAS Session on Human Engineering. 

June 21-23 Heat Transfer and Fluid Mechanics Institute, Stanford University, 
Stanford, California. 

Aug. 20-21 National Telemetering Conference, Biltmore Hotel, Los Angeles, 
Co-sponsored with AIEE, IRE, and ISA. 


REGIONAL STUDENT CONFERENCES 


March 12 Indianapolis Section Conference,Purdue University,Lafayette,Ind. 

Apr. 13-14 Middle Atlantic Conf. , University of Maryland, College Park, Md. 

Apr. 19-21 Southwestern Conference, Hotel Adolphus, Dallas, Texas. Spon- 
sored by the Texas Section. 

Apr. 20-21 Northeastern Conference, Brown University, Providence, R. I. 

Apr. 25 St. Louis Section Conference, St. Louis, Missouri. 

Apr. 26-27 Southeastern Conference, Georgia Institute of T echnology, Atlanta, 
Sponsored by the Atlanta Section. 

May 3-5 West Coast Conference, IAS Building, Los Angeles. Sponsored 
by the Los Angeles Section. 

May (open) Detroit Section Conference, Detroit, Michigan, 
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1.A.S. News Notes (con’t.) 


Mar. 


Mar. 


Mar. 


SECTION MEETINGS CALENDAR 


9 Cleveland-Akron Section: Hotel Carter. Reception 6 p.m., Dinner 
7 p.m, Address by C. C. Furnas, Asst.Secretary Defense (R&D). 

12 Indianapolis Section: Purdue University. ''The Turbojet Engine --Its 
Potentialities and Problems for Supersonic Flight''by M. J. Zucrow. 

13 Los Angeles Section: Specialist Meeting at IAS Building, 8 p.m. 
"Electron Distribution in a Strong Shock Front''by J. W.Bond,Jr., 
General Electric Company. 

14 Niagara Frontier Section: Cornell Aeronautical Lab.,8 p.m."VTO 
Transport Aircraft'' by James A.O'Malley, Jr. , Bell Aircraft Corp. 


. 15 Dayton Section: Van Cleve Hotel, 6:30 p.m. "Some High-Speed 


Turbojet Installation Problems" by David S. Gabriel, NACA, 

15 Los Angeles Section: IAS Building. Reception 6 p.m., Dinner 7 
p.m., Meeting 8p.m. ''The Lockheed Electra" by Philip A.Colman, 
Chief Preliminary Design Engineer, Lockheed Aircraft Corporation. 

16 Los Angeles Section: Historical Meeting at IAS Building, 8 p.m. 

20 Columbus Section: Officers Club, Naval Air Station, 8:30 p.m. 

"Materials and Fabrication for High-Temperature Design" by Sam- 
uel A. Gordon, Battelle Memorial Institute, 
Washington Section: Minta Martin Lecture, University of Maryland. 
Inspection of aeronautical facilities 5:30 p.m., Dinner 6:30 p.m., 
Meeting 8p.m. ''The Aerodynamics ofAircraft Engines" by William 
R. Hawthorne, M,I,T. 

22 Los Angeles Section: Field Trip. Carrier cruise aboard U.S.S. 
Wasp. Reservations and clearance required. 

22 New York Section: ‘'Training Problems for Space Flight" by Gordon 
Vaeth, Navy Special Devices Center. Place to be announced. 

22 San Diego Section: IAS Building. Reception 6:30 p.m., Dinner 7 
p.m. "Operations Research as Applied to Engineering Problems" 
by R. F. Mettler, Ramo-Wooldridge Corporation. 

22 San Francisco Section: Ramor Oaks Restaurant, Atherton. Dinner 
7 p.m., Meeting 8 p.m. ''The Lockheed Electra" by Philip A. Col- 
man, Chief Preliminary Design Engineer, Lockheed Aircraft Corp. 

23 Los Angeles Section: TriptoAerojet-General Corp. (Confidential). 

23 St. Louis Section: Congress Hotel, 8 p.m, Confidential talk by Lt. 
Gol. GC. J. Butcher, Air Defense Command, USAF. 

26 Baltimore Section: Joint Meeting with ASME at Engineers’ Club, 
6:30 p.m. 'The Vanguard Satellite." 

26 Los Angeles Section: Minta Martin Lecture, IAS Building. Reception 
6 p.m., Dinner 7 p.m., Meeting 8 p.m. ''The Aerodynamics of 
Aircraft Engines" by William R. Hawthorne, M.I.T. 

Los Angeles Section: Family Night, IAS Building. Buffet Dinner 
7 p.m, Walt Disney movie, ''History of Aviation," and talks, 

Cleveland-Akron Section: Case Institute of Technology. ''The Aero- 
dynamics of Aircraft Engines'' by William R. Hawthorne, M,I.T. 
Columbus Section: Officers Club, Naval Air Station, 8:30 p.m. 


"Aeroelasticity at High Temperatures" by Robert Laidlaw, North 
American Aviation, Inc. 
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IAS News 


Sharp, President for 1956, presided. 
Elmer A. Sperry, Jr., Teller, reported 
that he had received and counted 1,267 
valid proxies for voting at the Annual 
Meeting—a quorum of the voting 
membership. 
The Secretary reported that P. R. 
Bassett, Chairman of the Nominating 
Committee, was unable to attend the 
meeting and that he had requested that 
the following members be placed in 
nomination for election to vacancies 
on the Council: 
Edward R. Sharp, Robert E. Gross, 
William B. Bergen, Victor E. Carbo- 
@nara, Raymond C. Sebold, Edgar 
ASchmued, Sherman M. Fairchild, and 
WeXendall Perkins, for a term of 1 year 
Weach; Edward H. Heinemann, Ray- 
ond P. Lansing, Mundy I. Peale, 
Raymond H. Rice, and Charles Tilgner, 
t., for a term of 3 years each; and the 
ollowing area councilors for a term of 
l year each: Eastern Area—Joel M. 
Jacobson and Jean A. Roche; Central 
Area—George J. McTigue and I. Nevin 
Palley; Western Area—J. E. Barfoot 
ind Herman L. Braasch. On motion 
uly made, seconded, and carried, they 
were unanimously elected. The follow- 
Wg were nominated and elected in like 
Wanner to serve on the Nominating 
ommittee for 1956: L. B. Richard- 
on, Chairman; J. L. Atwood, C. H. 
olvin, H. L. Dryden, R. P. Harrington, 
. L. Hibbard, C. J. McCarthy, and 
P. B. Taylor. 
The Annual Reports of the President, 
#rasurer, and Director were read and 
pproved. (See the following pages 
the complete reports.) 
® The Secretary presented a list of 
onors conferred by the Institute in 1955 
follows: 
The Thurman H. Bane Award to 
ottfried Guderley, Chief Scientist, 


A Record of People 
of Interest ta Institute Members 


Annual Business Meeting 
of the Institute 


Reports of President, Treasurer, and Director 


E.R. 


HE TWENTY-FOURTH ANNUAL MEETING of the members of the Institute 
was held at the Hotel Sheraton-Astor, New York, on January 25, 1956. 


System Dynamics Research Branch, 
Aeronautical Research Laboratory, 
Wright Air Development Center, Ohio; 
The Octave Chanute Award to Major 
Gen. Albert Boyd, USAF, Commander, 
WADC (now Deputy Commander for 
Weapon Systems, Air Research and 
Development Command); The John 
Jeffries Award to Capt. Wilbur E. 
Kellum, USN (MC), Commander, 
Naval Medical Research Institute, 
Bethesda, Md.; the Robert M. Losey 
Award to Lt. Col. Robert C. Bund- 
gaard, Commander, Air Weather Serv- 
ice, MacDill AFB, Fla.; The Sylvanus 
Albert Reed Award to H. Julian Allen, 
Chief, High-Speed Research Division, 
Ames Aeronautical Laboratory, NACA; 
The Lawrence Sperry Award to Giles J. 
Strickroth, Chief of the Electronics 
Division, The Glenn L. Martin Com- 
pany; and the Wright Brothers Lec- 
turer, R. L. Bisplinghoff, who spoke on 
“Some Structural and Aeroelastic Con- 
siderations of High-Speed Flight.”’ 
Honorary Fellowships in the Institute 
to: American—Ralph S. Damon, 
President, Trans World Airlines, Inc. 
(posthumously); Foreign—Peter G. 


President’s 


LTHOUGH THE activities of the 

Institute of the Aeronautical 
Sciences continued to expand in all areas 
of its operations during 1955 (as will be 
seen from the Director’s Report which 
follows) and although we are glad to be 
able to report once again that the 
organization has wound up another 
year’s operations in the black (see 
Treasurer’s Report, p. 36), it seems to 
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Masefield, Managing Director, Bristol 
Aircraft Co., Subsidiary of The Bristol 
Aeroplane Co., Limited. 

Fellowships in the Institute to: 
William B. Bergen, Executive Vice- 
President, The Glenn L. Martin Com- 
pany; Lars Brising, Vice-President, 
Aeronautical Engineering, Saab Aircraft 
Company, Sweden; Victor E. Carbo- 
nara, President, Kollsman Instrument 
Corporation; Harold Luskin, Assistant 
Chief of Aerodynamics, Santa Monica 
Division, Douglas Aircraft Company, 
Inc.; G. N. Patterson, Director, Insti- 
tute of Aerophysics, University of 
Toronto, Canada; Kendall Perkins, 
Vice-President—Engineering, McDon- 
nell Aircraft Corporation; Raymond H. 
Rice, Vice-President and Chief Engi- 
neer, North American Aviation, Inc.; 
Lewis A. Rodert, Assistant to Chief of 
Research, Lewis Flight Propulsion Lab- 
oratory, NACA; Rear Adm. J. S. 
Russell, USN, Chief, Bureau of Aero- 
nautics, Department of the Navy; 
Herman Schlichting, Professor, Tech- 
nical University of Braunschweig, Ger- 
many. 

The Secretary announced that the 
Council had elected the following 
officers of the Institute for 1956: Presi- 
dent, Edward R. Sharp; Vice-Presi- 
dents, William B. Bergen, Victor E. 
Carbonara, Raymond C. Sebold, and 
Edgar Schmued; Director, S. Paul 
Johnston; Treasurer, Sherman M. Fair- 
child; Secretary, Robert R. Dexter; 
and Controller, Joseph J. Maitan. 


ROBERT R. DEXTER 
Secretary 


Report—1955 


me that the most significant trend of the 
past year has been the strengthening of 
our position in the international picture. 

It was my privilege to be the official 
host to the British delegation that came 
to Los Angeles in June for the Fifth 
International Conference with the Royal 
Aeronautical Society of Great Britain. 
The technical side of the Conference was 
excellent and proved once again the 
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value of interchange of engineering and 
scientific information, but to me the 
principal benefit of the meeting arose 
from personal contacts with our friends 
from overseas. Our close association 
with them during the weeks they were 
here led to a better understanding of 
problems on both sides of the Atlantic. 
The friendly interchange that began at 
the Conference will continue and will 
help strengthen the bond that exists 
between the two great English-speaking 
nations in the common defense of com- 
mon ideals. 

During 1955 also the IAS continued 
its collaboration with our opposite num- 
bers in Canada through joint action 
with the newly formed Canadian Aero- 
nautical Institute. By common con- 
sent, both the IAS and the RAeS have 
withdrawn their direct activities in 
Canada and are providing support and 
encouragement to the new organization. 
It is anticipated that, before many years, 
the CAI will participate as a full partner 
in future aeronautical conferences. 
Meanwhile, we of the IAS have been 
working with them on a bilateral basis. 
Our second joint meeting took place in 
Ottawa in November and was eminently 
successful. 

We are continuing to explore other 
channels for international action. Our 
staff has been collaborating with 
AGARD (NATO's Advisory Group for 
Aeronautical Research and Develop- 
ment) by participating in appropriate 
committee and panel discussions. We 
were represented at the General Assem- 
bly in Ottawa in June and have been 
particularly active in the field of docu- 
mentation and _ international inter- 
change. 

Out of this latter have emerged indi- 
cations of a need for an improved tech- 
nical abstracting service on an inter- 
national scale. After some months of 
study and with financial support from 
the Air Research and Development 
Command, USAF, an expanded and 
accelerated abstract service has been 
started. The first edition appeared in 
the AERONAUTICAL ENGINEERING RE- 
VIEW in January, 1956. 

We are very much aware of the grow- 
ing stature of the Institute and are 
constantly alert to search out and ex- 
ploit every opportunity to strengthen 
our position on an international basis. 

On the domestic front, continuing 
progress has been made in strengthening 
our Sections and Branches. Several 
new Sections have been organized, and 
the support of our Student Branches 
has been augmented. In the latter 
area, we are greatly indebted to a Past 
President and Benefactor of the IAS, 
the late Glenn L. Martin. Two years 
ago he established the Minta Martin 
Aeronautical Student Fund with a 
gift of $250,000. At his death, under 
the terms of his will, he added an equal 


amount, making the Fund one of the 
largest in any scientific society for the 
direct support of aeronautical engineer- 
This guarantees IAS 
participation in this important field for 
the indefinite future. 

During the year also the Gabriel M. 
Giannini Film Library was active, both 
in the acquisition of additional films 
and in the distribution of films to our 
Branches and Sections. 


ing education. 


Two appointments were made in 1955 
to the Institute’s Flight Test En- 
gineering Fellowships at Princeton Uni- 
versity. Applications for 1956 ap- 
pointments have been solicited, and 


’ 
Treasurer’s 

HE IAS COMPLETED its fiscal 
year in the black by the utiliza- 

tion of new systems, machines, and 


methods; the judicious control of ex- 
penditures; the splendid efforts of all 
Section officers in keeping local ex- 
penses to a minimum; and the con- 
tinuing productivity of a high-morale 
staff. 

Basically the IAS performs service 
functions, and accordingly its most sig- 
nificant cost is represented by salaries 
which, with the printing costs of its 
technical publications, represent about 
75 per cent of total expenditures. 
As with all similar organizations, costs 
are immediately reflected, without com- 
pensatory adjustments of income. The 
general operations were continued at a 
higher level than in any previous year. 

The income of the JOURNAL OF THE 
AERONAUTICAL SCIENCES was increased 
by $2,600 and that of the AERONAUTICAL 
ENGINEERING REVIEW by $12,300 over 
1953-1954, but printing and editorial 
costs for both jumped $32,600 or a 
net cost increase of $17,700. The 
AERONAUTICAL ENGINEERING CATALOG 
met budget expectations, as did the 
Library and Archives operations. 

International, national, Section, and 
student meetings—including reserves 
and special funds—totaled about 20 
per cent of the gross expense of the 
IAS. 

During the year, $5,000 of the $6,000 
Reserve for Equipment Modernization 
was spent for new printing and ac- 
cessory equipment. In addition, $3,500 
was spent from the Building Alterations 
Reserve in combining several depart- 
ments to provide a more efficient work 
flow pattern. 


Director’s Report—1955 


PRESIDENT’S. REPORT 


Report—1955 


p has 
stressed some of the broader inter- 
national aspects of our program of the 


1956 


appointments will be made in the Spring 
of 1956. 
An examination of the Treasurer's 
Report will indicate that we have ended 
this year in a sound financial position, 
Our income has exceeded our expendj- 
tures, and your Council has made a 
distribution to our several reserve funds 
to ensure our future operations. Work 
has continued under our equipment 
maintenance and modernization policy 
to ensure that all our facilities are kept 
continuously in shape to serve the needs 
of our membership. 
ROBERT E. Gross 
President, 1955 


The contract of the Film Catalog 
—an operation housed in the IAS San 
Diego Building—has been extended 
by the Government for an additional 
9 months. The net operations of the 
San Diego Building were slightly under 
break-even. Were it not for the ex- 
cellent and time-consuming efforts of 
San Diego Section officers, the financial 
burden of the local building would have 
been much greater. The Los Angeles 
Building completed the year as a break- 
even operation. 

There were no significant variations 
in the IAS Balance Sheet when com. 
pared to the previous year. 

Your Finance Committee, together 
with representatives of the Investment 
Service Department of the Chase Man- 
hattan Bank, periodically review the 
holdings in the portfolio and recom. 
mend changes based on current and 
anticipated conditions. The market 
value of the Institute’s : portfolio at 
September 30, 1955, was $382,971.% 
in excess of its original value o 
$1,344, 125.67. 

A conservative budget for 1955-195 
has been presented to, and approved by 
the Council. It is anticipated that the 
operations for the forthcoming year wil 
be generally of the same magnitude a 
in 1954-1955. 

The books of the Institute wer 
audited in New York, Los Angeles 
and San Diego by Harris, Kerr, Forstef 
& Company. A copy of their complet 
report is available to members at tht 
national office. 


CHARLES H. COLVIN 
Treasure 
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‘he needs Statement for the Fiscal Year October 1, 1954, to September 30, 1955 


Gros 
sat 1988 Consolidated Balance Sheet and Operating Statement 


ASSETS LIABILITIES AND RESERVES 
Unrestricted: 


Cash on Deposit. 
Accounts Receiv able... 


Unrestricted Funds: 


50,667.03 Accounts Payable and Deposits. . $ 64,088.82 
5 22 Deferred Credits to Income.......... ; 108,139.20 
Catalog Advances on Intrafund Accounts 5 Deferred Income—San Diego Building. . : 15,842.77 
- Deposits and Prepayments 5 Deposit from Pacific Aeronautical Library. 12,000.00 
TAS San Investments 237 , 137.09 
extended Furniture and Fixtures....... we: General Fund—Balance September 30, 1955. 551, 360 27 
sdditional Total Unrestricted Assets $988,568 15 $988, 568.15 
ns of the Restricted: 
‘tly under} The Sherman M. Fairchild Fund $ 11,248.51 
i The G. M. Giannini Fund.... 3,896.39 
r the ex- The Paul Kollsman Fund 69,000.00 
efforts of The Vernon Lynch Award Fund. ; 39,189.72 
The Minta Martin Aeronautical Student Fund 261 , 020.45 
> financial The Sylvanus Albert Reed Award Fund..... 13,661.90 
The Lawrence Sperry Award Fund. . 13,570.00 
ould have Los Angeles Building Operating Fund E 20,597.33 
Ss Angeles New York Building Contingency Fund ; 104,525.24 
as " Pacific Aeronautical Library Fund ; 24,149.40 
s a break- San Diego Building Operating Fund. ‘ 9,493.32 
Total Restricted Assets. $570 , 352.26 Restricted Funds (see Assets)... ; $570, 352.26 
variations Facilities (at cost): 
com-§ Los Angeles . $427,640.20 
New York 220,415.26 
San Diego (land lez asehold). 176,706.11 
together Total Facilities $824, 761 .57 Buildings, Land, and Equipment (see Assets)......... -. $824,761.57 
nvestment a 
hase Man- 
eview the 
nd recom: 
Statement of Income & Expenses 
1e market Income: 
Total Income......... ... $696,428.25 
1955-1986 Expenses: 
2d that the Meetings and Travel, ‘including Conference Reserve. 38,529.93 
o vear wil Employees’ Retirement Fund, Reserve & Social Security. ee 38,241.58 
Office Supplies and Expense, Insurance. ob 12,213.46 
»s Angeles Total Expense............. $689,702.97 
err. Forstel Net to General Fund...... $6,725.28 
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facts and figures relating to the general 
activities of the Institute. 


Membership 


Again, without any pressure from 
national campaigns, the steady growth 
that has marked our membership trend 
over the past year has continued. The 
net gain in graded members for this year 
was nearly 700 (as will be seen from 
Table 1), in spite of the elimination of 
about 100 former Historical Associates. 
(This grade was dropped by action 
of the Council.) The improvement in 
Section activities, both in quantity 
and quality, accounts for much of the 
gain. 


Section Activities 


As can be seen from Table 2, all 
aspects of Section activities reached 
new highs for 1955. This marks the 
tenth consecutive year during which 
new highs in every category were 
achieved; the single exception was the 
voluntary transfer of three Canadian 
Sections to the CAT in 1954. 

The two most important improve- 
ments during 1955 were the establish- 
ment of three new Sections—(Tulsa, 
San Antonio, and Rocky Mountain)— 
bringing the total to 27, and the an- 
nouncement of new sponsorship by Sec- 
tions of two of the 1956 Student Paper 
Competitions (Atlanta Section has as- 
sumed sponsorship of the existing South- 
eastern Conference, and Indianapolis 
Section has started its own). Now 
that all but two (Northeastern Con- 
ference and the newly formed Middle- 
Atlantic Conference) of the eight 
Student Conferences are under Section 
management, our original goal of over- 
all Section coverage is near realization. 
Other highlights are outlined in the 
following paragraphs. 

The increase in Section membership 
was almost 600. Outstanding among 
Section Membership Committees is 
St. Louis, which in 1955 produced well 
over 200 membership applications, 
equivalent to 100 per cent of the 
membership of the Section. 

The number of Section meetings in- 
creased by 10 per cent over last vear, 
from 241 to 267. This total is equiv- 
alent to an average of 10 meetings per 
Section. 


1946 1947 


Sections 13 17 
Section Meetings 72 92 
Section Members 4,166 4,734 
Branches 38 51 
Branch Meetings 210 277 
Student Members 1,655 3,300 


* Estimated. 
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TABLE 1 


Membership Breakdown 


- Temporary Honorary Members 
Honorary Fellows 
Fellows 
Associate Fellows 
MEMBERS 
Associate Members 
Historical Associate Members 
Technical Members 
Total Graded 
Student Members 


Total 

Five issues of the Section Chair- 
men’s Newsletter were published in 
1955. The October issue marked the 


second anniversary of this publication. 
The San Diego and St. Louis Sections 
published their own newsletters to their 
members. We are distributing these 
to all Section Chairmen as issued. 

A Guide for Section Officers was pub- 
lished in October, 1955, containing 
IAS procedures and ideas helpful in 
Section operation. Initial distribution 
was 100 copies. 

Two meetings of Section Chairmen 
were held in 1955, one during the An- 
nual Meeting in New York and one 
during the Annual Summer Meeting in 
Los Angele S 

Virtually all Sections now have ac- 
tive Student Activities Committees. 
In all these committees have 
attracted enthusiastic people. 


cases, 


Student Activities 


In addition to the growth figures 
given for Student Branches in Table 
2, the following reflects the increased 
emphasis placed by the IAS on its 
student activities during 1955. These 


are first steps toward a _ broadening 
program. 

During 1955, 7,051 copies of the 
IAS Vocational Guidance Manual, A 


Guide to the Engineering Professions in 
the Aviation Industries (January, 1954) 
were distributed to schools, libraries, 
and guidance counselors and to groups, 
Sections, Branches, and individual stu- 
dents. 

During the latter part of the year, 
preliminary work was started to pro- 
duce a new IAS publication, a booklet 
which will present to high school 


TABLE 2 
Annual Report—Sections and Branches 
(January 1, 1956) 


1949 1951 


1948 1950 
19 19 23 24 
21 126 144 168 
5,032 5,718 6,436 7,143 
60 67 70 71 
327 336 3al7 323 
4,068 3,958 3,395 


3,006 


Comparisons by Calendar Year 
(January 11, 1956) 


12/31/53 12/31/54 


12/31/55 
15 16 16 
28 30 32 
197 199 198 
757 829 926 
3,878 4,212 4,668 
440 482 102 

74 102 
4,329 4,410 4,633 
9,718 10,280 10,975 
2,672 3,110 2,984 
12,390 13 ,390 13,959 


students and their parents an accurate, 
understandable picture of aeronautical 
engineering as a career. Estimated 
publication date is Spring, 1956. 

A revision of the JAS Student Mem. 
bership Folder, describing the benefits 
and privileges of IAS membership, was 
published in 1955. Six thousand of 
these folders were distributed to colleges 
and universities. 

In April of 1955, announcement was 
made of the award of two IAS Fellow- 
ships in Flight-Test Engineering at 
Princeton University. These 2-year 
Fellowships are provided by an anony- 
mous donor and administered by the 
IAS. Announcements and applications 
for the 1956 award have been published 
and distributed. 

In the spring of 1955, six IAS Regional 
Student Conferences were held, one 
each in Detroit, New York, St. Louis 
Dallas, Los Angeles, and Atlanta 
Two newly proposed Conferences wil 
take place in 1956—one, the ‘‘Middle 
Atlantic,”’ to be held at the Universit; 
of Maryland, the other at Indianapolis 

Nine technical papers that each won 
first prize in the 1955 Conferences wer 
published in an 88-page booklet 1935 
First Award Papers, 700 copies of which 
have been distributed to Sections ani 
Branches and to schools, libraries, ant 
individuals. 

Two national awards—one graduate 
one undergraduate—have been estab- 
lished. The winners have been selected 
from those First Award Papers pub- 
lished, and the prizes—engraved plaque: 
—will be presented in early 1956. 

A completely revised Student Bran 
Manual was published in 1955. Thi 
22-page booklet incorporates curret! 


1952 1953 1954 1955 
25 26 24 27 

181 237 241 267 
7,379 8,408 8,411 8,999 
71 69 71 73 
350 319 366 400° 
2,795 2,672 3,110 2, 984 
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procedures for the establishment and 
function of the Student Branch, out- 
lines the benefits of Student Member- 
ship, and includes a copy of the “Rules 
and By-Laws’ for IAS _ Student 
Branches; 325 copies have been dis- 
tributed to Sections, Branches, and in- 
terested individuals. 


The second edition of the JAS Thesis 
Topics List was published in 1955. 
This 13l-page booklet lists over 700 
topics suggested by Corporate Members 
and offers the student the names and 
addresses of persons who may be con- 
tacted for further information about 
each topic. Six hundred and fifty 
copies of this publication have been dis- 
tributed to Corporate Members, Sec- 
tions, Branches, and interested indi- 
viduals. 

In January, 1955, an 8-page booklet 
A Source Listing of Selected Aeronautical 
Filn:s was published. This booklet 
listed 106 films and was distributed to 
all Sections and Branches. In Sep- 
tember, 1955, a revised edition was 
published, entitled The Giannini Film 
List. This 22-page source catalog 
listed 168 unclassified, released aero- 
nautical films, all 16 mm. and available 
on a loan basis. Nine hundred and 
fifty copies of the list have been dis- 
tributed to Corporate Members, Mem- 
bers, Sections and Branches, and to in- 
terested individuals. Efforts have been 
made to increase the size of the Film 
Library and the efficiency of the auto- 
matic film distribution system. 


Meetings 


IAS meetings at all levels main- 
tained a high standard of quality. 
Section meetings showed noticeable 
improvement in this regard. An in- 
creasing number of papers presented at 
Section meetings meet national meet- 
ing standards. Many of them eventu- 
ally reach publication. 

This year was marked by an in- 
creased number of cooperative meet- 
ings with other societies. It is present 
policy to collaborate with other tech- 
nical groups at all levels as the Twenty- 
Fourth Annual Meeting program indi- 
cates. Many other examples can be 
found in the following outline of the 
1955 meeting program. 


National Meetings 


Jan. 24-28 Twenty-Third Annual 
Meeting, New York 
Mar. 11 Tenth Annual Flight Pro- 


pulsion Meeting, Cleve- 


land 
June 20-23 Fifth International Aero- 
nautical Conference— 


RAeS-IAS, Los Angeles 
Second Turbine-Powered 

Air Transportation 

Meeting, Seattle, in- 


Aug. 8-10 
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cluding tour of Boeing 
Flight Test Center 
Nineteenth Wright Broth- 
ers Lecture, Washington, 
D.C. Lecture repeated 
in Seattle, Dec. 19; Los 
Angeles, Dec. 20; and 
Cleveland, Dec. 22 


Dec. 17 


Joint and Participating Meetings 

May 9-11 IRE-IAS National Con- 
ference on Aeronautical 
Electronics, Dayton, 
Ohio 

IRE, AIEE, ISA, and 
IAS National Tele- 
metering Conference, 
Chicago 

Heat Transfer and Fluid 
Mechanics Institute, 
U.C.L.A., Los Angeles 

Midwestern Conference 
on Solid Mechanics and 
Fluid Mechanics, Pur- 
due University 

Symposium on Escape 
from High Performance 
Aircraft (Institute of 
Transportation & Traf- 
fic Engrg. & Engrg. 
Extension, U.C.L.A.; 
the Aeromedical-Engi- 
neering Association; 
and IAS, Los Angeles) 

CAI-IAS Second Annual 
Joint Meeting, Ottawa, 
Canada 

ASME-IAS Air Cargo and 
Heavy Press Sessions, 
Chicago 

Nuclear Engineering and 
Science Congress, Cleve- 
land (Engineers Joint 
Council) 


May 18-20 


June 23-25 


Sept. 8-10 


Oct. 7 


Nov. 14 


Dec. 12-16 


Military Tours and Visits 

May 24-25 IAS visit to NADMC, 
Johnsville, Pa., and 
NATTS, Trenton, N.J. 

USAF Contractor Flight 
Test Center, Palmdale, 
Calif. 

IAS Day—WADC, 
Wright-Patterson AFB, 
Ohio 


June 23 


Nov. 9-10 


Publications 


As announced in the December issue 
of the Review and the January issue 
of the JOURNAL, the editorship of the 
latter publication changed hands in 
January, 1956. Dr. Hugh Dryden, 
who had directed the editorial policy 
of the JouRNAL for many years, had 
asked to be relieved and was replaced 
by Dr. William Sears of Cornell. Dr. 
Sears had been active on JOURNAL 
committees for many years. 
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Beginning in January, 1956, the 
editorial content of the JoURNAL has 
been increased from an average of 72 
pages per issue to 96. This will provide 
better technical coverage and will reduce 
the backlog of excellent papers which 
has accumulated during the year. 

As will be noted in the Treasurer's 
Report, the Review had another suc- 
cessful year. Its editorial content and 
format have been under continuous 
study and improvement. Its editors 
have been guided by the requirements 
of its readers as disclosed in surveys 
and from direct comments received 
from readers. New services have been 
added, notably the new International 
Aeronautical Abstracts section which 
appeared for the first time in the Janu- 
ary, 1956, issue. This project is sup- 
ported by a contract with the Air 
Research and Development Command, 
USAF. 

In spite of continually increasing 
production costs (we have had a 40 
per cent increase in printing and en- 
graving costs over the past 5 years), 
advertising income has been developed 
to keep the publication well in the black. 
The high quality of the magazine has 
been reflected in increasing advertising 
acceptance in a highly competitive 
market. 

The CaTALoG, also in a highly com- 
petitive position, compared favorably 
with preceding issues. Its usefulness 
was improved by a complete editorial 
revision last year. 

An innovation which appeared to be 
acceptable to our membership, as well 
as profitable financially in the overall, 
was the combination of the ROSTER 
with the September issue of the REVIEW. 
This arrangement will be continued. 


Library and Special Services 


IAS Libraries on both East and West 
Coasts have continued to improve their 
usefulness to our members. Nell Stein- 
metz and her able staff at Pacific Aero- 
nautical Library, Los Angeles, are 
maintaining the high standard of serv- 
ice established many years ago in 
keeping the Western elements of the in- 
dustry up to date on the technical in- 
formation they need. 

At San Diego a restudy is under way 
of library requirements there. Most 
notable activity at that facility, how- 
ever, is the Film Cataloging Unit op- 
erating under Roy Elliott under an 
ARDC contract. The first year’s 
work proved extremely satisfactory 
to the Air Force, and our contract was 
renewed for the second year. Periodic 
progress reports are submitted, both 
to the Air Force and to IAS Head- 
quarters. 

The Library in New York has under- 
gone considerable revision during 1955. 
Reworking and cataloging the collec- 
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tions with a view toward improving 
their usefulness to our members has 
continued. Many unneeded duplica- 
tions and much ‘‘dead-wood”’ have been 
eliminated. With the approval of the 
Council and the original donors, much 
unused material of a nontechnical or 
historical nature has been turned over 
to other libraries where demand for 
such material exists. These include 
the Harvard Business School Library 
and the Smithsonian and Congressional 
libraries in Washington. 

Although, as mentioned above, the 
grade of Historical Associate Member 
in the Institute has been eliminated, 
interest in historical matters has not 
been dropped. A new historical activity 
is in operation under which periodic 
meetings on historical subjects are held, 
both in Los Angeles and in New York, 
and under which AERONAUTICA will be 
continued. 


Facilities 


The program of modernizing our 
equipment has been continued. At 
the Los Angeles facility the air con- 
ditioning and improved kitchen equip- 
ment paid off during the Fifth Inter- 
national Conference in June. The 
New York printing plant moderniza- 


tion authorized by the Council in 1954 
was completed and is in satisfactory op- 
eration. By concentrating all storage, 
trimming, printing, addressing, and 
mailing facilities in one area in the 
basement of the building, considerable 
improvement in service to our Sections 
and an appreciable saving in cost have 
resulted 


General 


The satisfactory results that show 
up in the Treasurer’s Report with 
reference to the operation of our two 
Western Region facilities are due to the 
hard work and good management of the 
IAS Sections in the area, under the 
general supervision of our able Western 
Region Manager, E. W. Robischon. 

I would like to take the opportunity 
to extend my personal thanks and ap 
preciation to all members of the staff 
whose day-to-day interest and loyalty 
to the Institute make our work possible. 
Our collective thanks, also, to the 
Officers and Council who provide sup 
port and policy direction—and to 
every member of the IAS who has par- 
ticipated in any degree in our activities 
at all levels 

S. PAUL JOHNSTON 
Director 


First Minta Martin Student Awards Are Presented 


Six Regional Student Conferences 
were conducted by the IAS during the 
past year under auspices of the Minta 
Martin Aeronautical Student Fund, 
giving engineering students a taste of 
competition in presenting original papers 
before an audience. 

From among more than 75 technical 
papers written and delivered in person 
by college students, nine that won top 
awards in 1955 have been published as 
a bound volume by the Institute. Two 
of these were subsequently chosen as 
national winners, and their authors 
received a new award which was pre- 
sented for the first time at the IAS 
Honors Night Dinner in New York. 

Only one winner, Voigt R. Hodgson, 
of Roseville, Mich., was able to attend 
the dinner. He received his plaque 
and certificate from Robert E. Gross, 
1955 President of the IAS, who is Presi- 
dent and Board Chairman of Lockheed 
Aircraft Corporation. The other winner 
was David L. Cochran, of Genoa, Nev., 
a graduate student at Stanford Uni- 
versity. His award was to be presented 
on some appropriate occasion more 
convenient geographically. 

Mr. Hodgson, who was graduated 
from Wayne University last June with 
a B.S. in Aeronautical Engineering, 
was Chairman of the IAS Student 
Branch there during his senior year. 


He took the Minta Martin Aeronautica 
Student Fund National Award in the 
Undergraduate Division with a paper 
entitled, ‘‘Hydrofoils Applied to Sail- 
craft—A Problem in Aero- and Hydro- 
dynamics.” 

Mr. Hodgson, incidentally, was Presi- 
dent of the Wayne University Glider 
Club. He is fond of gliding, sailing, 
and skiing. He is now doing post- 
graduate work in engineering mechanics 
while employed as a Structures Test 


Voigt R. Hodgson 


David L. Cochran 
Engineer by the Ford Motor Company, 

Before entering college, he served in 
the Navy during World War II and 
later worked as a telephone lineman. 

Arthur A. Locke, AFIAS, Head of the 
Department of Aeronautical Engineer- 
ing at Wayne University, assisted Mr. 
Hodgson in preparation of the manu- 
script. 

Mr. Cochran was declared the na- 
tional winner in the Graduate Division 
for his paper on ‘‘A Simple Means for 
Producing Efficient Wide-Angle Dif- 
fusers.” A graduate of the University 
of Nevada, he received his Master's 
degree in Mechanical Engineering at 
Stanford in 1952 and is now working 
toward his Ph.D. 

The Minta Martin Aeronautical Stu- 
dent Fund was established 2 years ago 
by the late Glenn L. Martin in honor 
of his mother, who encouraged him to 
build and fly his own airplane in 1909. 
The original endowment was $250,000, 
and Mr. Martin, who was a Past Presi- 
dent of the IAS, directed in his will 
that an additional $250,000 be added 
to it. The Fund is administered by 
the Institute to encourage aeronautical 
engineering education. Its income 
finances regional student conferences, 
lectures, the publication of booklets, 
and the distribution of scientific in- 
formation—all in relation to the ad- 
vancement of aeronautics. 


Admiral de Florez Heads 
Flight Safety Foundation 


Rear Adm. Luis de Florez, USN 
(Ret.), FIAS, has been named President 
of the Flight Safety Foundation, Inc., 
of New York. He succeeds the late 
Adm. John H. Towers and will serve 
without compensation. 

Admiral de Florez is a Director of de 
Florez & Company, Consulting En- 
gineers. He learned to fly in 1912 and 
served with the Navy in-both world 
wars. Specializing in the study of re 

(Continued on page 85) 
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Eastern Area (1-year term) 


Joel M. Jacobson Jean A. Roché 
Vice-Pres. & Gen. Mar. USAF Development Field Rep. 
Aircraft Armaments, Inc. at Langley Aero. Lab., NACA 
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Vice-President President Vice-President 
William B. Bergen Edward R. Sharp Victor E. Carbonara 
Executive Vice-President Director President 
The Glenn L. Martin Company Lewis Flight Propulsion Lab., NACA Kollsman Instrument Corporation 


JAS Officers for 1956 


Staff Officers for 1956 


S. Paul Johnston, Director 


Robert R. Dexter, Secretary Joseph J. Maitan, Controller 
Vice-President Treasurer Vice-President 
Edgar Schmued Sherman M. Fairchild Raymond C. Sebold 
Vice-President Chairman of the Board Vice-President—Engineering 
In Charge of Engineering Fairchild Camera and Instrument Convair, A Division 
Northrop Aircraft, Inc. Corporation of General Dynamics Corporation 


MeDor 


| 
| 
Ex 
| 
| 


IAS NEWS 43 


Honorary Fellows 


for 
1955 


Honorary Fellows shall be persons 
of eminence in aeronautics and are 
elected by the Fellows and Honorary 
Fellows of the Institute residing in 
the United States. Not more than 
one person residing in the United 
States, nor more than one person 
residing in a foreign country, may 
be elected as Honorary Fellow in 
any one year. 


American Honorary Fellow 
The late Ralph S. Damon 


Foreign Honorary Fellow 
Peter Gordon Masefield 


ion 
Fellowships in the Justitute—1955 
Fellows of the Institute of the Aeronautical Sciences shall be those who have 
attained a position of distinction in aeronautics and made notable and valuable 
contributions in one of the aeronautical sciences or aeronautical engineering. 
ation =f William B. Bergen Lars Brising Victor E. Carbonara Harold Luskin Gordon N. Patterson 
} Executive Vice-President Vice-President President Assistant Chief—Aerodynamics Director 
The Glenn L. Martin Aeronautical Engineering Kollsman Instrument Santa Monica Division Institute of Aerophysics 
Company Saab Aircraft Company, Sweden Corporation Douglas Aircraft Company Inc. University of Toronto 


Kendall Perkins Raymond H. Rice Lewis A. Rodert Rear Adm. James S. Russell Hermann Schlichting 
Vice-President Vice-President and Assistant to Chief of Research Chief Professor 
Engineering Chief Engineer Lewis Flight Propulsion Bureau of Aeronautics Technical University of 


McDonnell Aircraft Corporation North American Aviation, Inc. Laboratory, NACA Department of the Navy Braunschweig, Germany 
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JAS Awards a 


Cost. Wilber E. Kelle 


Commander, Naval Medical Research Institute 
National Naval Medical Center 


The John Jeffries Award 


This annual award honors the memory of Dr. John Jef- 
fries, an American physician who, with Blanchard, the French 
balloonist, made the first aerial voyage across the English 
Channel in 1785 and on a previous flight made the earliest 
recorded scientific observation from the air. This award, 
which has an honorarium of $200, was established by the 
Institute in 1940 to give recognition to the importance to 
aviation of scientific endeavor in the field of medicine. 


Presented to CApT. WILBUR E. KELLUM, USN 


“For outstanding contributions to the advanc 
ment of aeronautics through medical research.” 


Captain Wilbur E. Kellum is Commander of the Naval 
Medical Research Institute at the National Naval Medical 
Center, Bethesda, Md. Before assuming this post in 1951, 
after a year as Executive Officer, he was Flight Surgeon in 
charge of the Naval School of Aviation Medicine and Re- 
search, Pensacola, Fla. 

Captain Kellum joined the Navy Medical Corps as an 
Assistant Surgeon in 1928. In 1933, he began studies in the 
psychological selection of candidates for flight training. A 
few years later, he pioneered in the design of oxygen equip- 
ment, developing one of the first oxygen masks to replace the 
old “pipe stem’”’ on a tube. While holding administrative 
positions in the Navy Department during the years 1942 to 
1945, Captain Kellum (1) sponsored and directed further 
studies in psychological selection of aviators; (2) conceived, 
developed, and directed the night-vision training program for 
Navy pilots and air crewmen; (3) planned and administered 
a nation-wide organization providing medical service for the 
aviation cadet training program; and (4) planned and ad- 
ministered the medical portion of the program for air evacua 
tion of the wounded by the Navy. 

A member of the Interim Board of Aviation Medicine for 
the past 5 years, Captain Kellum has done much to improve 
the training and qualifications of the Navy's Flight Surgeons. 
He was President of the Aero Medical Association in 1950. 


Lt. Col. Robert C. Bundgaard 
Chief, Evaluation and Development Branch 
Air Weather Service, USAF 


The Robert M. Losey Award 


Established in 1940, this annual award honors the memory 
of Capt. Robert Moffatt Losey, a member of the Institute and 
a meteorologic officer of the Air Corps, who was killed at 
Dombas, Norway, April 21, 1940, while serving as an official 
observer for the U.S. Army. He was the first officer in the 
service of the United States to die in World War II. This 
award carries an honorarium of $200. 


Presented to Lt. Cot. RoBERT C. BUNDGAARD, USAF 


“In recognition of outstanding contributions to the 
science of meteorology as applied to aeronautics.” 


Lieutenant Colonel Robert C. Bundgaard, who has been in 
charge of Project Black Sheep for the past 3 years, is Chief of 
the Evaluation and Development Branch, Directorate of 
Scientific Services, Headquarters, Air Weather Service, U.S. 
Air Force. 

Project Black Sheep, located at McDill AFB, Tampa, Fla., 
is a weather research project for high-performance aircraft. 
Colonel Bundgaard was cited for developing and improving 


techniques for providing weather advice in the operation of | 


military jet aircraft. He has demonstrated remarkable initia- 
tive in the evaluation and solution of high-level forecasting 
problems. He recently developed a method for more accu- 
rately analyzing and forecasting winds in the region of the 
tropopause. This region, where jet aircraft normally fly, 
is the most difficult for wind prediction because of complicat- 
ing factors such as the jet stream. 

The maximum-wind shear chart, envisioned by Colonel 
Bundgaard and developed under his guidance, represents a 
notable advance in the field of aviation meteorology. Use 
of this chart, with certain techniques previously developed, 
results for the first time in a logical, integrated, step-by-step 
procedure for predicting a minimal flight path in time and 
space. This procedure overcomes a host of difficulties pre- 
viously encountered in determining such a path.. When ap- 
plied to the slowly climbing jet profile, it makes possible a 
flight of either maximum range or minimum fuel consumption. 
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Honors for 1955 


Harvey Julian Allen 
Chief, High-Speed Research Division 
Ames Aeronautical Laboratory, NACA 


The Sylvanus Albert Reed Award 


For a notable contribution to the aeronautical 
sciences resulting from experimental or theoretical 
investigations which have had a beneficial influence 
on the development of practical aeronautics. 


The late Dr. S. A. Reed, designer of metal aircraft propel- 
lers and a Founder Member of the Institute, made an endow- 
ment to the Institute in 1933 to provide an annual award 
with a certificate and honorarium of $250. The recipient 
is chosen by ballot of the American Honorary Fellows and 
Fellows of the Institute. 


Presented to H. JULIAN ALLEN 


‘For contributions and leadership in solving problems 
in the design of supersonic airplanes and missiles, 
especially the thermal problems at hypersonic speeds.” 


H. Julian Allen, Chief of the High-Speed Research Division 
of Ames Aeronautical Laboratory, has been with the National 
Advisory Committee for Aeronautics since 1936. He has be- 
come a recognized authority on the aerodynamics of inter- 
continental ballistic missiles and on the design of transonic, 
supersonic, and hypersonic wind tunnels and test facilities. 

His research accomplishments include the development of a 
well-known theory for predicting forces at supersonic speeds 
on bodies at angles of attack, as well as contributions to the 
understanding of the flow about, and the oscillating vortex 
discharges from, such bodies; the experimental investigation 
of heat transfer and boundary-layer development at super- 
sonic speeds; an understanding of flow on and behind wings 
and bodies in the presence of shock-wave boundary-layer 
interaction; and an understanding of the aerodynamics of 
flight at hypersonic speeds. 

Mr. Allen has conceived and effectively applied a variety of 
new techniques and types of equipment for investigating 
Supersonic and hypersonic aerodynamics. These include 
the supersonic free-flight wind tunnel; the sliding-block asym- 
metric wind-tunnel nozzle and the single-jack nozzle; the 
vapor screen technique for flow visualization; and the strobo- 
Scopic and self-synchronizing schlieren apparatus. 


Giles J. Strickroth 
Manager, Electronics Department 
The Glenn L. Martin Company 


The Lawrence Sperry Award 


For a notable contribution made by a young 
man to the advancement of aeronautics. 


This award was endowed in 1936 by the sister and brothers 
of the late Lawrence Burst Sperry, pioneer aviator and in- 
ventor, who was drowned in 1923, at the age of 31, when his 
plane developed motor trouble over the English Channel. 
The annual award consists of a certificate and an honorarium 
of $250. 


Presented to GILES J. STRICKROTH 


“For contributions to the development of the 
guidance system for the Martin Matador, the 
jirst and only tactical ground-to-ground missile to 
be put into operational use by the U.S. Air Force.” 


G. J. Strickroth, Manager of the Electronics Department of 
The Glenn L. Martin Company, is given major credit for 
development of the tactical guidance system of the TM-61 
Matador. He served on the Matador project from 1946 to 
1952 and was in charge of guidance system work from 1950 
to 1952. 

In addition to the guidance equipment, the essential ele- 
ments of the system include a mathematical method for 
accurate firing and a method for calibrating highly mobile 
ground support equipment that can be operated in the field 
by relatively unskilled personnel. 

Mr. Strickroth also was primarily responsible for the 
philosophy of unit construction, unit interchangeability, and 
unit testing on the Matador, which provides a highly flexible 
and wholly mobile missile weapons system in operation. Now 
33 years old, he obtained his Electrical Engineering degree 
from Catholic University of America in 1948. 

Entering the University with a scholarship in music, Mr. 
Strickroth distinguished himself as a tuba soloist and track 
star. After graduating, he worked 3 years as an electronics 
engineer with Friez Instrument Division of Bendix Aviation 
Corporation before joining Martin in 1946. 
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Editorial 


IAS President ¢ 1956 


Edward R. Sharp 


Director 
Lewis Flight Propulsion Laboratory 
National Advisory Committee tor Aeronautics 


— R. SHARP comes to the presidency of the Institute with a host of 
friends among its officers and members—and a wide working knowledge 
of its problems and activities. As a long-time member of the Council and 
as a Vice-President of the past year, he has taken an active interest in our 
operations and is familiar with our way of doing things. 

Our association with Dr. Sharp’s own organization, NACA, has been an 
intimate one for many years. We, as a Society, have benefited greatly 
through this collaboration, and, we hope, there have been corresponding 
gains to the other side. NACA personnel have figured prominently in IAS 
technical programs from the beginning, and our members have had many 
opportunities to visit NACA facilities under IAS auspices. Outstanding 
have been our meetings on engine, propeller, jet, and rocket propulsion prob- 
lems held every spring in Cleveland for the past 10 years. Dr. Sharp and his 
staff have made these occasions not only memorable but possible. 

It is not a new thing for those of us on the staff to work with ““Ray.’”’ We 
are looking forward to a continuation on an even closer scale. We pledge him 
our full support and cooperation during the year of his presidency. 
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l. should be a source of great satisfaction to all members of this organiza- 
tion that Robert E. Gross, who heads one of the largest elements of our in- 
dustry —one of the most important links in the national defense chain—has 
been willing to devote a very appreciable part of his busy life to the affairs of 
the Institute. 

The job of IAS President in 1955 was no sinecure. For 2 weeks’ time (in 
June) Bob Gross made himself available—as their host—to the British dele- 
gates to the Fifth International Conference. He not only performed the 
presidential functions at most of our meetings, but also he and Mrs. Gross 
carried more than their share of the entertainment load. Much of the suc- 
cess of the Conference came from his personal contributions. 

Throughout the year we have had the benefit of Bob’s interest and advice 
in the Council. He has been continuously informed of our progress and 
activities and has personally participated in many of them. 

As he steps down from office he carries with him our thanks and apprecia- 
tion for the job he has done. Since he is an ex-officio member of the Council 
during the coming year, we will continue to benefit from his interest and wise 
policy guidance. S.P.J. 


IAS 
President 
1955 


Robert E. Gross 


President 
Lockheed Aircraft Corporation 
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R. A. Darby* 
Fairchild Aircraft Division, Fe 


INTRODUCTION 


N™ OR AT ANY TIME, if we believe our papers and 
suspect the innate wickedness of mankind, our 
most important cities could be devastated by surprise 
nuclear attack. 
type of airplane which could aid immeasurably in the 
transportation problems of nuclear war. 

This type, or types, of airplane can, for want of more 
inspired designation, be called Short Take-Off and 
Landing, or STOL, airplanes. 
nition, we may think of them as possessing the ability 
to clear a 50-ft obstacle in 500 ft. or less, in take-off or 
landing, and having about normal transport airplane 
cruise speed for their size. They will have a much wider 
speed range than present airplanes, say 10 or better. In 
some cases, they may approach vertical take-off and land- 
ing capabilities, but they will not be designed to fly on a 
vertical path, or hover, since great benefits are believed 
to result from their using some horizontal distance and 
forward velocity, and in general a limited space will be 
available. 
from fuel during the landing process. 


This paper gives consideration to a 


By way of further defi- 


They will in some way use power directly 


HISTORICAL BACKGROUND 


At the outset of any attempted development, it is 
interesting and helpful to search our memories and the 
literature for past efforts. Early airplanes, often flown 
from inside the small ovals of fairground trotting tracks, 
had impressively short take-offs and landings, inherent 
in their low wing loadings and high drag, but they were 
not STOL aircraft because they utterly lacked speed 
range and could use little or no power to shorten land- 
ings. 

Until quite recently, design attempts consciously di- 
rected at STOL performance were few. None led to 
production, although most showed great promise. The 
first figures show four, beginning with the earliest to my 


Presented before the IAS Washington Section, Nov. 8, 
and the IAS New York Section, Dec. 8, 1955. 
* Chief Research and Development Engineer. 
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1 discussion of the military advantages of a type of fired-wing air- 
craft having normal cruise speeds and limited take-off and landing space 
requirements and of the devices that will make such aircraft possible. 


STOL Airplanes— A New Approach to 


Air Transport 


rchild Engine and Airplane Corporation 


knowledge. Purposely omitted are machines like the 
Curtiss Tanager which relied solely on slots and flaps 
for low-speed performance. 

Fig. 1 shows the Crouch-Bolas Dragonfly I, flown in 
1934 by the Crouch-Bolas Aircraft Corporation of Paw- 
tucket, R.I. 
propellers on fan-cooled, geared engines of 90 hp., this 
2,100-lb., 26-ft.-span biplane was a true example of 
what will later be explained as “‘the vectored slipstream 
principle.” 


With 9-ft.-diameter, opposite-rotating 


Published data on the airplane give a 
ground run of 30 ft., an angle of climb of 50°, and an 
angle of descent of 70°. With nearly all of its wing 
area in the slipstream of its oversize propellers, the air- 
plane made nose-high landings with considerable power 
on. It was this fact, that the airplane used power to 
land short, which occasioned the most frequent criticism 
of it from the convention-bound aviators of the time. 
The design was heartily attested to by professors at New 
York and Brown Universities, and the designer, 
Harold Bolas, now of the British firm of Saunders-Roe, 
Limited, made thorough static tests of the aerodynamics 
involved—tests which have lately been repeated. An- 
other engineer of the Crouch-Bolas group has told me 
that the airplane substantiated the advertised perform- 
ance and made many vertical ascents and descents in a 
moderate breeze. 

The second airplane, Fig. 2, designed with the expec- 
tation of STOL performance was this obscure effort of 
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a German alien which was flown at Hadley Field, N.J., 
also in 1934. It had a system of full-span, blowing-slot 
poundary-layer control, with blowing slots over the 
elevators, in anticipation of extremely low minimum 
flying speeds. Say what you will, this airplane was a 
beautifully direct attempt to apply the findings of 
NACA Technical Report 385. It had all the elements 
of several recently proposed boundary-layer control 
schemes, including tail blowing and independent blow- 
ing power. A motorcycle engine was used to run the 
blowers. Costing less than $4,000—the engineers 
worked for stock—the airplane proved too crude to 
succeed and was never flown with the BLC operating. 

In 1942 the highly unorthodox Vought V-173 Pan- 
cake, Fig. 3, was flown. The V-173 was a full-scale 
version, except for power, of the projected XF5U-1, a 
carrier-based Navy fighter design fully meriting the 
STOL designation. Extremely short take-offs and 
landings were demonstrated with the V-173. It was 
expected that the XF5U-1, powered by two R-2800 en- 
gines, would have a landing speed of 35 knots with a 
high speed of 370. It employed a wing of nearly cir- 
cular plan form, mounting slender booms for the two 
extremely large-diameter, articulated propellers. Op- 
posite rotation of the propellers, against the wing-tip 
vortices, was to abate induced drag. Engines were 
buried in the wing, were interconnected, and drove the 
propellers through shafts and gear boxes. A very long 
alighting gear gave the propeller axis a ground angle of 
about 30°. Hovering was to be accomplished by pull- 
ing the airplane up to a vertical attitude and hanging 
on the propellers. The XF5U-1 approached the VTOL 
concept and, if completed, would in many respects have 
antedated the recent XFY and XFV by more than 10 
years. Happily, the guiding light on this project, 
Charles Zimmerman, is now at the NACA where he has 
instigated a greatly needed research program which, if 
sufficiently implemented, will go well beyond the con- 
cept of the XF5U-1. 

The last example of early STOL airplanes is the Dow- 
Stalker BLC modification of the L-1, Fig. 4, made for 
the Army Air Force and flown in 1944. Professor 
Stalker, formerly of the University of Michigan, is 
noted for his studies of boundary-layer control during 
the 1930's. In this airplane he had a large change in 
camber, with separation control by two full-span suc- 
tion slots. It is evident where the pumping apparatus 
was carried. Unfortunately, the airplane crashed, 
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killing its pilot, before significant data could be ob- 
tained. It was, however, a well-engineered attempt 
at bettering the speed ratio by putting power directly 
into the wing. 


Wuy STOL AIRPLANES ARE NOT IN SERVICE 
TODAY 


You perhaps wonder why, 52 years after Kitty Hawk, 
there is still no such thing as a STOL airplane in service. 
The explanation is substantially this: For the last 30 
years, if not since Beachey beat Oldfield in 1911, high 
speed has been the main objective in airplane design. 
It is the sine qua non for combat aircraft and for eco- 
nomical transport aircraft as well. For a given pro- 
pulsion system and degree of cleanness, the high speed 
of an airplane can be increased only by raising its wing 
loading. Wing loadings have been pushed up, year by 
year. But in conventional airplanes, raising the wing 
loadings has meant accepting higher and higher mini- 
mum flying speeds. The higher minimum speeds, as 
will be shown later, necessarily mean greater distances 
for take-off and landing. It has been easier to build 
long runways than to design the unconventional air- 
plane which can fly either fast or slow. To date, there 
has not been enough objection to large airfields to force 
the advent of the STOL airplane. 

It can be said that two of the STOL airplanes shown 
here were pushed aside by contemporary developments 
considered more important at the time. The Dragon- 
fly I was built when autogyros were at their zenith. 
Crouch-Bolas were told repeatedly that the autogyro 
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was the solution to low-speed flight. The XF5U-1 was 
under construction at the time jet-engine development 

yas starting in this country. It was known that the 
turbojet fighters would be some hundred knots faster 
than the XF5U-1, and this fact doubtless overshadowed 
the take-off and landing performance of the latter, to 
the point that a most valuable development was aban- 
doned. 


THE NEw URGENCY FOR STOL AIRPLANES 


Where there has been, until recently, no clearly seen 
need for STOL airplanes, there exists today an urgency 
of the highest order. Nuclear warfare is a demon- 
strated possibility. An airfield as we know it, with its 
concentration of airplanes, is an atomic target and may 
be denied us, ipso facto. One of the problems of future 
military operations is likely to be the distribution of 
fighting men and materiel forward from temporary 
bases having less concrete than heretofore. It may 
also be necessary to carry the distribution farther for- 
ward by air than heretofore; if possible, it might be 
highly advantageous to use aircraft, instead of trucks, 
right up to the combat units in the forward fringes of 
battle. Excellent as the helicopter is, it has some limi- 
tations in the distribution process, and these may re- 
main with it. If the STOL airplane can overcome 
these, at the expense of a little more space getting on 
and off the ground, it would seem that it should greatly 
facilitate logistic support in future military operations. 

The value of the STOL airplane would by no means 
be confined to combat operations. At home, in the 
event of a massive nuclear attack, the STOL airplane 
would be an unprecedented means of transportation 
for maintaining the nation. For example, great num- 
bers of casualties requiring hospitalization would collect 
on the perimeter of a nuclear blast. So great would be 
their number that hospital beds several states away 
would be needed. The casualties from one P-40 which 
dived through the roof of a Curtiss-Wright plant one 
afternoon during World War II left no hospital beds 
available in Buffalo that night. A fleet of STOL air- 
planes would be able to land almost anywhere along 
the blast perimeter, load victims, and fly them at air- 
plane speed in any weather to the doorsteps of hospitals 
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several hundred miles away in any direction. Thou. 
sands of lives would be saved which otherwise would be 
lost. Some way, this service must be provided and be 
in readiness. 


PROBLEMS OF STOL DESIGN 


Let us now look briefly at the major problems in. 
volved in the design of a STOL airplane. The aero. 
dynamic problems all stem from the necessity for slow 
flight in order to make short take-offs and landings, 
This seemingly apparent fact may be questioned. If 
so, Fig. 5 should demonstrate the point. 

Here we have plots of total landing distance to clear 


a 50-ft. obstacle, versus flight speed. In all cases, the 


landing distance increases, about linearly, as the speed 


is increased. The plots apply to a conventional trans- 
port airplane or to airplanes having extremely high 
values of the maximum lift coefficient and have been 
taken from a parametric study done on International 
Business Machine card-programed electronic calculators, 
The landing distance is composed of three parts, as 
usual: a steady glide, a flare, and a ground roll. 
equations used assume a constant flight speed between 
clearing the obstacle and touching down. I do not yet 
have a comparable plot for take-off, as we have found 
the landing generally to be more difficult to compress 
and have been studying it, but I feel sure that a similar 
relationship exists between take-off distance and speed. 
Thus the STOL airplane is called upon to fly ‘“‘low and 
slow,” a mode of flight abhorred in a conventional air- 
plane. 

The aerodynamicists’ first problem is to find means 
of developing lift at low speed. Since aerodynamic 
forces vary as the square of velocity, it is clear that the 
aerodynamicists are up against a fundamental difficulty. 
They are at the juncture, in fact, where years ago other 
aerodynamicists seeking low-speed flight turned to 
rotary-wing aircraft. The STOL aerodynamicists to- 
day, however, have at their disposal some devices, at 
least, which the early rotary-wing people did not have. 
These will be described presently. 

The second aerodynamic problem is the development 
of control forces and moments at low speed. It is akin 
to that of developing lift but may overshadow the hit 
problem, in some cases. Low-speed control, over the 
years, has been one of the most difficult problems of the 
conventional airplane and will undoubtedly be aggra- 
vated in the STOL. The condition of asymmetric 
thrust worsens rapidly as speed is reduced and for a serv- 
ice airplane may require that all propellers be inter- 
connected so that, if an engine fails, the remaining power 
is applied symmetrically. In some present airplanes 
inability to develop sufficient tail down-load at low 
speed results in a faster take-off speed and greater dis- 
tance than would otherwise be necessary. This con- 
dition may be aggravated in the STOL airplane. It1s 
doubtful that inherent stability will be obtainable in 
the STOL airplane at the bottom of its speed range. 
If not, artificial stabilization will be necessary for blind 
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flying. 
today. 

Apart from aerodynamic problems, the STOL air- 
plane presents its designers with an entirely new prob- 
lem in alighting gear design. At first blush it might 
seem that, with the low speeds involved, the landing 
gear problem would be simplified. Possibly so. But 
consider again the uses for which these airplanes are 
intended. They are to land on, turn around, and take 
off from some open ground over which, perhaps, no 
vehicle has ever run. Ideally, it should not be neces- 
sary to prepare this ground in any way before landing a 
STOL airplane on it. It is hardly conceivable that a 
modified conventional gear will answer. 


Again, however, this will be no great problem 


APPLICABLE NEW TECHNOLOGY 


We come now to a consideration of the technology by 
which it appears that the STOL airplane is possible. 
Space is lacking here to discuss the control problem, or 
the alighting gear problem, and we shall limit ourselves 
to certain means of developing lift at low speed. These 
include what we at Fairchild have been calling “‘forced 
circulation,’ the ‘‘vectored slipstream,’’ ‘‘variable 
thrust incidence,’ and ‘‘direct turbojet support.”’ 


FORCED CIRCULATION 


In this study of landing distance we see that the use 
of very high lift coefficients on an otherwise conventional 
airplane results, in some cases, in STOL performance. 
For example, with a wing loading of 30 lbs. per sq. ft. 
and C..... of 12, the total landing distance is under 500 
ft, and this happens to be without thrust reversal. 
The approach and touchdown speed is only 50 ft. per 
sec., or 30 knots. Thrust reversal, as you know, is ex- 
tremely effective in reducing the ground run and in this 
case would permit an appreciably lower C Lar OF higher 
wing loading for the same 500-ft. distance. Our ex- 
perience from many calculations is that the correspond- 
ing take-off distance will be shorter. But lift coefficients 
of 12, of course, mean new technology. Present air- 
planes with propellers may approach a C, of 4 in 
landing, if as much throttle as possible is used. Since 
the lift coefficient is proportional to the circulation 
about the airfoil, this study suggests forced circulation 
as the first idea for us to examine. 


forced circulation 
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Fig. 6 shows two proved methods of forcing the cir- 
culation about an airfoil to produce very high lift co- 
efficients. In the airfoil to the left, a slot is provided 
out of which air under pressure is blown. By means 
not completely understood, the jet issuing from the slot 
adheres to the surface of the flap rather than leaving 
the surface tangentially. In so doing, it apparently 
entrains much of the flow exterior to it, thereby causing 
that flow to curve around the flap with a large downward 
momentum, the reaction to which is high lift. If only 
enough air is discharged from the slot to make the flow 
adhere to the flap, the lift coefficient of potential flow 
for the given flap setting is obtained and the system 
would be termed ‘boundary-layer control.’ If the 
momentum of the jet is increased beyond that quantity, 
the circulation is further increased, and the value of the 
lift coefficient continues to go up as the slot momentum 
is increased. In the airfoil to the right, a suction slot 
is provided at the bottom of a cavity having a cusp at 
the top. When suction is applied to this slot, a vortex 
of air is trapped in the cavity and spins there as long 
as the suction continues. The action of the vortex on 
the external flow is similar, in end result, to that of the 
blowing jet. A certain amount of suction causes the 
external flow, which otherwise separates, to adhere to 
the flap, giving theoretical flap effectiveness. Stronger 
suction results in forced circulation. These are only 
two of many possible schemes of forcing circulation. 
The British have recently tested a slot blowing down- 
ward at the trailing edge of an unflapped airfoil. With 
heavy blowing, such as might be had if the entire efflux 
of a jet engine were ducted to the slot, a lift coefficient 
of 11 was obtained. 

Fig. 7 is a photograph of an actual test in the Fair- 
child smoke tunnel in which forced circulation was being 
obtained by a still different scheme. Note the lines of 
smoke curving sharply downward and around the trail- 
ing edge of the airfoil. In this test our Friedrich Wag- 


ner was doing some sleuthing; he was trying to re-enact 
the setup by which a former German colleague suppos- 
edly obtained a C, of over 30. 

Fig. 8 is included to show the condition of the flow, in 
the previous test, when the circulation control was shut 
off. The flow may be seen completely separated from 
the upper surface of the airfoil. 
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I shall not burden you with any layout of the air- 
plane showing how these forced circulation schemes are 
installed in the three-dimensional wing. Suffice it to 
say that there is a blower or pump——the heart of the 
system—which is connected to the spanwise slots by 
suitable ducting. 
power going into the wing. 

Forced circulation can be applied equally well to the 
tail surfaces to obtain the forces needed for airplane 
control at low speed. A STOL airplane relying en- 
tirely on forced circulation for its STOL performance 
would not differ notably in appearance from a conven- 
tional machine. 


We envision rather large amounts of 


THE VECTORED SLIPSTREAM PRINCIPLE 


The second device for obtaining STOL character- 
istics is what can be termed the “‘vectored slipstream.” 
All pilots, and especially Navy pilots, know that the 
landing can be shortened by the use of some throttle, 
in a propellered airplane. The vectored slipstream 
principle seeks to exploit this improvement (Fig. 9). 

The idea is simply to employ tractor propellers hav- 
ing high thrust at low speed and deflect as much as pos- 
sible of their slipstreams downward as sharply as pos- 
sible by means of the wing, which is fitted with whatever 
flaps or other auxiliaries will best serve this purpose. 
You suppose rightly that one of the forced circulation 
systems might help the deflection. The combination 
of vectored slipstream and forced circulation will per- 
haps be used oftener than vectored slipstream alone. 
The artist has shown a blowing flap in this sketch. The 
NACA has been making some systematic tests of slip- 
stream deflection, Technical Note 3307 being one of the 
reports on the program. In these tests, the resultant 
force R of the propeller-wing combination and the angle 
6 which it makes with the thrust direction, in the static 
case, and with the relative wind with forward velocity, 
are determined. R is the resultant of the propeller 
thrust and the pressural forces on the wing. In the 
static case, for a straight wing completely immersed in 
the slipstream of four propellers, the angle @ was 45° 
and the lift component L was about 65 per cent of the 
propeller thrust, with a large, articulated flap. Larger 
values of 6 and L were obtained with auxiliary vanes, 


and subsequently with BLC on a single flap. You will 
appreciate the fact that at extremely lowairplanespeeds, 
say 30 knots, the lift of the wing in the free stream only 
is very small—much smaller, for example, than 65 per 
cent of the thrust of four propellers. Therein lies the 
benefit of the vectored slipstream. It is apparent that 
pitching the airplane nose up helps matters. In fact, 
if the static 0 were 70°, a value the NACA actually ob. 
tained with auxiliary vanes over the wing, and the air- 
plane were pitched up 20°, the resultant force would be 
vertical. If the weight of the airplane were then about 
90 per cent of the propeller static thrust, the machine 
could hover. 

The configuration of the vectored slipstream airplane 
will again not be greatly different from the conventional 
airplane except that the propellers will be larger in 
diameter and more of the wing will be in the slipstream. 
There may be unusual controls at the tail, such as jets 
or airscrews, for low-speed control. As previously indi- 
cated, interconnection of the propellers seems to be a 
necessity, since the airplane will take off and land at 
speeds far below its power-off stalling speed, and asym- 
metric thrust must be avoided. 

Fig. 10 is included to point out a limitation of the 
vectored slipstream idea in landing. The airplane is 
descending with full power along a rather steep, con- 
stant-angle flight path. The resultant wing-propeller 
force R makes the angle @ with the flight path. The 
problem here is how to reduce the longitudinal compo- 
nent of R, X, to an extremely small value. If X is atall 
large, a low speed on the descent path will be impossible. 
Three things might be done: (1) increase the angle é 
by more effective vectoring of the slipstream; (2) in- 
crease the angle of attack until R is normal, or nearly so, 
to the path; and (3) increase the parasite drag of the 
airplane, D,, by brakes of some sort. There is an ob- 
jection, in a transport airplane, to too much slope of the 
floor, which the added angle of attack would cause. 
The other two solutions appear to be difficult. More 
study is needed on this procedure. 


VARIABLE THRUST INCIDENCE 


The landing problem with vectored slipstream sug- 
gests the next item of STOL technology which can be 
termed ‘‘variable thrust incidence.” 

Fig. 11 shows the same propellers and power plants 
as before, on a STOL airplane which is making a steep 
power-on landing descent with fuselage floor level. We 
now have backed off from our previous attempt to ob- 
tain the utmost possible deflection of the slipstreams 
and are using an ordinary set of flaps, which, however, 
still deflect the slipstreams quite appreciably. In order 
to get rid of the troublesome downhill component X of 
the wing-propeller resultant R, we have tilted the thrust 
axes upward through the angle K until R is normal to 
the flight path. The tilting has been done mechanically 
in the first stage of the final approach. Presumably 
the angle of thrust incidence could be increased until R 
had an uphill—or drag—component, if that proved de- 
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sirable. The means of accomplishing the variable 
thrust incidence best and most simply appears to be by 
pivoting the wing torque box on trunnions in the fuse- 
lage. Power plants will require some modification of 
their lubrication system to allow tilting. The pro- 
pellers are subjected to peculiar inflow angles, but the 
airplane speed is low and these are not expected to cause 
trouble. Propeller characteristics with these inflow 
angles are needed, however, at low values of V’/nD. 

If it comes to a case of vertical take-off and landing, 
the scheme of variable thrust incidence looks especially 
attractive. In that event the angle A would be some- 
thing like 90°. 

With either the vectored slipstream or variable thrust 
incidence, or with some of each, the lift force of the 
slow-flying STOL airplane comes mainly from its pro- 
pellers. Anything that can be done to increase the 
propeller thrust at low speed will improve STOL take- 
off and landing performance. Little has been done for 
many years on this aspect of propeller design, and it is 
hoped that the propeller people will become interested. 


DrirREcT TURBOJET SUPPORT 


There may be some readers who consider propellers 
passé. To them let me say that STOL performance 
will undoubtedly be possible with turbojet-powered 
airplanes. Forced circulation may suffice. I have 
intimated that eventually a hot gas generator somewhat 
resembling a turbojet engine may power the slots of a 
blowing forced circulation system. This, 
will involve a lot of development. A more immediate 
jet application might be that shown in Fig. 12 which 
we call ‘direct turbojet support.”’ 

Fig. 12, I believe, must be attributed to Rolls-Royce, 
but others have had nearly the same idea. A turbojet 
airplane carries a battery of lightweight, downward- 
directed turbojet engines in the wing roots flanking the 
fuselage. These engines are used only in take-off and 
landing, to provide lift by direct jet reaction. An addi- 
tional group of downward-firing turbojets farther for- 
ward provides pitch control if the thrust of the units is 
varied. The intent in this airplane is vertical take-off 
and landing. It is possible that a more reasonable air- 
plane would result from accepting STOL performance, 
in which case fewer lifting engines would be used, the 
wing would be partially unloaded, and some lift would 
be provided aerodynamically in the usual way. 


however, 


New STOL ArrRpLaNeEs UNDER CONSTRUCTION 


Two new STOL airplanes, to my knowledge, are 
under actual construction. The first of these is the 
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Breguet 940, the culmination of several years of serious 
study and extensive wind-tunnel tests by a company 
which has built both conventional airplanes and helj- 
copters. Pictures of this design have been appearing 
for several years. It is a high-wing monoplane em. 
ploying the vectored slipstream idea. The straight 
wing mounts four turboprop engines, shaft intercon- 
nected, turning four large propellers, the slipstreams of 
which immerse the entire wing area. At a design gross 
weight of just over 14,000 Ibs. and useful load of 5,000, 
the take-off and landing distances come well inside 500 
ft. The speed ratio is 8.4. In appearance the con- 
figuration is quite conventional. 

The second STOL airplane taking shape is a Fairchild 
development in final assembly at Hagerstown (Fig. 13). 
Considerably smaller than the Breguet, this airplane 
has two opposite-turning, interconnected propellers 
driven by flat engines mounted in the wing at the cen- 
ter of the ship. This airplane also is a vectored slip- 
Full-span leading-edge slats will reduce 
the wing pitching moment in the low-speed condition. 
The long booms position the propellers in a location 
relative to the wing which is considered advantageous. 
Made by 
Sensenich, the blades are wood, and the hubs permit 
manual variation of pitch in flight. The hubs also per- 
mit blade flapping, to eliminate or relieve bending 
moment caused by large inflow angles. 


stream type. 


One of the propellers is shown in Fig. 14. 


There is no 
On the floor is one of the drive 
shafts which will be installed in a boom. The far end 
takes the propeller. The right-angled gear box on the 
end toward us provides all propeller speed reduction 
and houses the electric screw used to vary propeller 
pitch. 


cyclic pitch variation. 


A transverse shaft extends inboard from this 
box to a box on the centerline of the airplane to which 
the engines are bolted. This central box includes the 
necessary Overrunning clutches. 

The three-view drawing of this airplane (Fig. 15) 1s 
included to show that, prior to modification during 
flight test, at least, its appearance is quite conventional. 
In fact, its general arrangement follows that of a well- 
known Fairchild product. 

This paper has tried to point out how fixed-wing air- 
planes capable of extremely short take-off and landing 
and of normal airplane cruise speeds are now possible, 
after years during which their development has been 
neglected. In view of the urgent military need for 
them—their commercial possibilities completely dis- 
counted for the moment—tt is to be hoped that numer- 
ous types, some exploiting other principles than the 
vectored slipstream, will soon be in fixtures about the 
country. 
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Project VANGUARD— 


The International Geophysical Year 


Earth Satellite 


Rear Adm. F. R. Furth, * USN (Ret. 


The technical program involved in the design and construction of 
the launching rocket and the satellite, the selection of the launching 
site and the tracking stalions, and the determination of the 


satellite’s orbit. 


ea VANGUARD represents a practical pro- 
gression in the techniques of very high altitude 
research. It is the first step beyond balloons, which 
cannot go above the earth’s atmosphere, and rockets, 
which cannot stay aloft for an extended time. While 
essentially an extension of these proved research tech- 
niques, the VANGUARD satellite program is the be- 
ginning step of a new phase, which presumably will be 
susceptible of continued improvement to permit longer 
and higher flights and more advanced instrumentation. 

VANGUARD is also significant because of the magni- 
tude of the project. It could not be accomplished with- 
out the cooperation of many different organizations 
with experience in various scientific and technical 
fields, and extensive logistic support, to establish and 
maintain a suitable launching facility and tracking 
stations. Successful construction and launching of 
the satellite will demand going to the present limits, or 
beyond, of our engineering knowledge in many fields. 

Project VANGUARD is a 3-year project. Many of 
the broad and most of the detailed engineering de- 
cisions concerning the first satellite and its launching 
have yet to be made. Because of the Navy’s prior 
experience in upper atmosphere research, it has been 
possible to move ahead rapidly in sketching in the 
broad outlines we intend to follow. 

The subject matter of various papers has underlined 
the scientific nature of this satellite program. The 
National Academy of Sciences is sponsoring the satellite 
program as part of the United States International 
Geophysical Year effort. The Department of De- 
lense has been charged with responsibility for de- 


. Presented at the Earth Satellites Session, 24th Annual Meet- 
ing, IAS, N.Y., Jan. 23-26, 1956. 
* Formerly, Chief of Naval Research. 
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signing, constructing, testing, and launching a scien- 
tific vehicle. Our purpose is to implement the Presi- 
dential announcement of July 29, 1955, regarding an 
earth satellite and to accomplish all the work in time to 
launch the satellite during the International Geo- 
physical Year. 

Within the Department of Defense, the Navy has 
been selected to manage the technical program. The 
Army and the Air Force will participate in the prosecu- 
tion of the technical program. The Chief of Naval 
Research will manage the program for the Navy and 
coordinate the program with the other military de- 
partments and Government agencies. The Naval 
Research Laboratory will be the primary organization 
within the Navy to implement the program. 

It is important to remember that both the parent 
Office of Naval Research and its Naval Research 
Laboratory are scientific agencies, although their ulti- 
mate purpose is to support military preparedness. 
They have been supporting, and conducting, basic re- 
search for many years. As a result, they have the or- 
ganizational structure, the personnel, and the close 
day-to-day contacts with the scientific world that are 
necessary to carry on the VANGUARD program. 

Both ONR and NRL are very much at home in the 
field of upper atmosphere research, in which they have 
carried on much of the pioneering work. ONR and its 
predecessor, the Office of Research and Inventions, 
have supported high-altitude research since 1945. 
They realized the necessity for a stable platform from 
which scientific observations could be made to gather 
information of value in upper atmosphere physics, 
cosmic radiation, and in connection with future high- 
altitude flight. Then, as now, the basic problem was 
to devise a vehicle capable of carrying a pay load to 
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sufficient altitude and remaining there long enough to 
make the desired observations. 

Inherent limits of aircraft and rubber balloons used 
in high-altitude studies precluded their use for carrying 
scientific instruments up to and above 100,000 ft. 
The development o plastic balloons permitted some 
advances. (Rockets could go higher but could stay 
aloft for only an extremely short time. The total 
flight time for a Viking, for example, never exceeded 
10 min.) Instruments could be taken to 100,000 ft. for 
periods ranging from a few hours to a day or more with 
balloons. More than 1,000 such flights have been 
made under ONR sponsorship, and newer techniques 
that employed balloon-rocket combinations were also 
devised. Rockets fired from plastic SK YHOOK-type 
balloons at 70,000 ft. have telemetered scientific 
information from altitudes of more than 250,000 ft. 

The purpose of these balloon and balloon-rocket 
flights has been to obtain cosmic ray, meteorological, 
and other geophysical data. The cosmic ray studies 
have been jointly supported by the Atomic Energy 
Commission and ONR. The Air Force has also 
adopted these techniques for high-altitude studies. 

The NRL has been using large, high-altitude re- 
search rockets since 1946. It has fired twelve Viking 
rockets and many of the smaller Aerobee rockets. 
They are instrumented research vehicles that have 
yielded much scientific information. It is also a 
matter of interest that the highest photographs ever 
taken of the earth’s surface were taken with a camera 
mounted in a Viking rocket, from 158 miles up 

The Laboratory as a whole has been doing original 
work in the physical sciences since its founding in 1923. 
It is well known for its work in radio and radar, among 
other things, and for the research carried on in connec- 
tion with the Viking rocket project. Several of its 13 
research divisions are particularly well fitted by ex- 
perience to contribute to the project. They include 
Atmosphere and Astrophysics, Optics and Nucleonics. 
These divisions are well staffed with scientists who are 
recognized in their fields and who have been prolific 
contributors to the scientific literature of upper at- 
mosphere research. 

Project VANGUARD is being approached as we 
would approach any other large-scale scientific ven- 
ture. Since both ONR and NRL have employed, as 
contractors or consultants, nearly all of the nation’s 
leading scientific authorities in geophysics, astro- 
physics, and rocket research and have actively par- 
ticipated in these fields, there is no problem of estab- 
lishing contacts with key people outside the Navy. 
For the NRL scientists, VANGUARD essentially 
means accelerated work of the same type they have 
been performing in the past. 

Since the earth satellite problem does differ in several 
respects from the bulk of NRL’s work, however, it will 
be prosecuted outside the division structure of the 
Laboratory. A separate project office reporting di- 
rectly to the Laboratory Director of Research has been 
established. It will be neither necessary nor desirable 
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to set up a large, complex organization to coordinat, 
the project. Much of the necessary coordination of the 
technical program is carried out on a day-to-day basis 
by scientists and engineers at the working level in the 
Navy and in other services and industry. 

The Army and the Air Force have designated Project 
VANGUARD liaison officers who have official re. 
sponsibility for keeping their services abreast of the 
status of the project and who keep ONR and NRL 
workers informed of their services’ potential for par. 
ticipation in any given phase of the work. In addition, 
the day-to-day coordination at the working level goes 
on among the services. Army, Navy, and Air Force 
military and civilian personnel involved in rocketry and 
other aspects of upper atmosphere research have used 
formal machinery and informal contacts for threshing 
out mutual problems for many years. This same 
working-level communication network is being used to 
attack problems that must be solved before the VAN. 
GUARD satellite can be launched. 

The primary difference between VANGUARD and 
our previous upper atmosphere research projects is 
introduced by the time element. The VANGUARD 
satellite will be launched during International Geo- 
physical Year, which ends in December, 1958. It is 
not possible to proceed with separate component de- 
velopment, building up the rocket and satellite design 
on the basis of continuing developments in each field 
and making modifications as component advances per- 
mit. The project director and the technical director 
have had to decide at the outset what the total design 
is going to be, then go ahead and build it. They wil 
try to develop a complete definition of the specifications 
before major work begins. Feeding into this are the 
results of about two dozen design studies nowin progress. 
They represent an attempt to define the entire launch- 
ing system. 

This does not mean that actual work is being held up 
pending a complete set of specifications. In certain 
technical areas, we do not have a choice. These are 
areas where components already developed must be 
used to the greatest extent possible, and in these areas 
certain hardware is now being built. The first-stage 
rocket motor is one example. 

The Navy’s approach to the management of Project 
VANGUARD has been shaped by the project’s mission. 
The accomplishment of the objectives requires the 
fullest cooperation between industry, science, and 
Government. We have already turned to industry for 
construction of the three-stage rocket vehicle that wil 
carry the satellite to its orbit. 

The Glenn L. Martin Company of Baltimore has 
been awarded the prime contract for construction of the 
rocket. This company built the Viking research 
rockets for the Navy. The first-stage rocket will be of 
cylindrical monocoque construction, consisting of skit, 
frames, and longitudinal members, and using integral 
propellant tanks. 

Martin has awarded a subcontract for- construction 
of the first-stage rocket motor to the General Electric 
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Company of Schenectady, N.Y. This engine will be 
more efficient than the present Viking engine and there- 
fore more powerful. It will have a thrust of 27,000 lbs. 
at sea level and an operating time of about 140 sec. 
The engine consists of a regeneratively cooled thrust 
chamber, gimballed mounting, propellant valves, turbo- 
pump, and high-pressure lines. The propellants will be 
liquid oxygen and a mixture of ethyl alcohol, gasoline, 
and silicone oil, which will be forced into the thrust 
chamber by turbo-driven pumps. The turbine will 
be powered by the decomposition products of hydrogen 
peroxide. In this type of turbine, liquid peroxide is 
converted in a steam generator into hot steam, which is 
forced against the turbine blades. 

This first-stage rocket will be essentially similar to a 
Viking rocket but improved in two principal ways. 
The first basic improvement is the more efficient engine. 
The second is the removal of fins, to produce a rocket 
that is completely stabilized by the thrust of the motor. 
This is possible through mounting the motor in a gimbal, 
which permits controlling the direction of the thrust in 
any direction by actual movement of the rocket motor. 
The VANGUARD gimbal mounting will be designed to 
permit angular deflection of the motor thrust vector by 
+5° from the centerline of the vehicle. 

The move to a finless rocket illustrates one way in 
which 10 years of research with the Vikings is valuable 
background for the present project. It was known in 
1946 that the use of fins for longitudinal rocket stabili- 
zation produced unwanted moments in roll and added 
weight to the rocket’s structure. Furthermore, they 
give no assistance to the rocket’s course at the moment 
of launching, when its forward speed is low, and near 
the end of its powered flight, when it is above the earth’s 
atmosphere. 

Another method of controlling a rocket is to mount its 
motor in a gimbal that will permit the motor to turn so 
as to direct the thrust as required. A gyroscope con- 
trols the direction of the motor. For years many 
rocket experts have felt that this was the direction in 
which the development of large rockets should go. The 
gimbal structure was built into the first Viking, and into 
all the subsequent ones, although they also had fins to 
assist in stabilization. 

The finless rocket has been under study for about 5 
years, and a few small finless rockets have been fired 
experimentally. The Martin Company has performed 
much analysis that has proved the finless rocket theo- 
retically workable and has sufficient confidence in this 
work to go ahead with a large finless rocket for VAN- 
GUARD. 

The second-stage rocket will also be a finless, cylin- 
drical air frame of monocoque construction. A sub- 
contract for construction of the second stage has been 
awarded to Aerojet-General of Azusa, Calif. This 
power plant will also consist of a regeneratively cooled 
thrust chamber and will be mounted in a gimbal. 
Nitric acid will be the oxidizer and unsymmetrical 
dimethyl-hydrazine the fuel. Flow of these propellants 
to the thrust chamber will be effected by helium pres- 


surization of the propellant tanks, rather than by a 
steam turbine, as in the first-stage motor. 

The third stage of the VANGUARD rocket will be 
powered by a solid propellant motor and will consist of 
the motor, a structure for attaching it to the second 
stage and for imparting spin to the third stage, and the 
satellite package and mounting structure. Several 
contractors are now bidding on the contract for building 
the third-stage rocket motor. 

When we come to the satellite vehicle itself, we en- 
ter an area necessarily characterized by compromise. 
Many conflicting requirements must somehow be 
reconciled. The satellite should be as large as pos- 
sible, in order that it can be easily tracked by optical 
means. The bigger the object, the greater will be its 
visibility. On the other hand, weight considerations 
demand that the satellite be as small as possible. 
The scientists and engineers who design and build the 
VANGUARD satellite will not be worrying in terms of 
pounds; they will be trying to shave ounces off the 
weight of the object which ultimately goes into the 
rocket. So a compromise must be reached in order to 
build a vehicle small enough to be successfully placed 
in the orbit yet large enough to be useful scientifically. 
It must be small enough to fit into the nose of the third- 
stage rocket. The most desirable configuration for the 
satellite itself now appears to be a sphere in the neigh- 
borhood of 20 in. in diameter. 

Other considerations in designing the satellite and 
determining its pay load stem from the physical stresses 
to which it will be subjected. It must be transported 
to altitude in a rocket that has high acceleration and 
intense vibration. It must be strong enough to with- 
stand the g-stress imposed upon it by each of three 
stages of rocket firing, but strength must be gained 
without use of excessive weight. 

The problem of aerodynamic heating during ascent 
has been investigated. If the satellite package were 
to be the nose of the vehicle, it could become too hot, 
probably in excess of 1,000°F. One alternative in 
solving this problem would be to build the satellite with 
a heavy skin and insulation, which could present a 
problem of excess weight. Another alternative would 
be to shelter the satellite with a conical, disposable nose 
for the third-stage rocket. Since the heating would 
occur during the last part of the first-stage flight and 
the first part of the second-stage flight—i.e., after high 
speed has been reached and before the denser portion 
of the atmosphere is left behind—the conical nose 
could be jettisoned near or at the end of the second 
stage. The use of such a cone would provide a weight 
penalty for the second-stage flight, and this is one of 
the many factors that is being considered in the weight 
studies being made in connection with arriving at de- 
sign specifications for the VANGUARD rockets. 

The satellite must survive for a certain length of 
time after it has been placed in its orbit. While 
circling the earth, it will face danger from two main 
sources, temperature extremes and meteoric dust. 
Solar radiation will tend to heat the satellite and its 
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pay load to extremely high temperatures, perhaps of the 
order of 300° to 400°F. While in the earth's shadow, 
its temperature may drop to well below O°F. The 
instruments required for a successful scientific ex- 
periment cannot stand wide temperature variations. 
The temperature range through which certain elec- 
tronic components, such as transistors, will survive is 
rouchly 40° to 120°F.; this presents a problem of satel- 
lite design to stabilize its inside temperature to a satis- 
factory extent. 

It is known that meteoric dust at the altitudes to 
be traversed by the satellite will cause some deteriora- 
tion over a period of time. The rate and extent of the 
harm is not known; in fact, one of the objects of these 
experiments is to find out the density of meteoric dust 
in space. This dust might score the surface of the 
satellite and thus affect its ability to reflect light, with a 
consequent effect on the inside temperature and upon 
optical tracking. The assumptions that have been 
made here on the surface of the earth, in order to ar- 
rive at design specifications, might be changed when the 
satellite gets beyond the atmosphere and is acted upon 
by meteoric dust. We cannot know until the first one 
is fired. 

The amount and kind of instrumentation in the 
first satellite is another area in which problems must be 
solved and compromises agreed upon. Subject to 
weight and space restrictions, it must send aloft enough 
instruments to do some scientific work. Much has 
been written concerning the potential contributions to 
several scientific fields that might be made by earth 
satellites. Our job is to put into an orbit an object 
capable of doing work of importance to each of the 
scientific fields represented. The first satellite cannot 
completely satisfy the men in each field—it cannot do all 
the things they would like to see done. If we tried to 
build a satellite capable of yielding large amounts of 
diverse scientific data, we could not get it up into its 
orbit, and we would wind up with nothing. The 
VANGUARD technical program must result in a satel- 
lite that will be workable, yet scientifically useful. 
On the technical side, this means sacrifices in terms of 
accepting larger size and greater weight, with resultant 
engineering problems. On the scientific side, it means 
sacrifice in terms of the useful pay load which the 
first satellite will carry. A reasonable fraction of its 
weight—perhaps one-fourth—will consist of scientific 
research instrumentation and its power supply. The 
remainder will be devoted to structure, a tracking 
transmitter, turn-on equipment, and power supply. 

Several VANGUARD rockets will be built in con- 
nection with the program. Because, to be reasonably 
certain of successfully putting a satellite into an orbit, 
we must have more than one rocket available. 

Technically, the chances of failure of a single shot 
would affect the attitude of everyone connected with 
building the rocket and its cargo. We are working ina 
field that places great demands upon everyone’s 
knowledge and calculations of probable performance. 
Much money is involved. If all of this money and all 
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of this effort were risked on one shot, the project officers 
and technical workers would be always confronted with 
the desire to make one more calculation, one more ad. 
justment, or one more test flight before firing, in order 
to be more certain of success. Yet, to complete the 
job on time, every step of the program must be marked 
by bold, confident engineering in which we are pre. 
pared to take the consequences of falling short of per. 
fection. 

The determination of specifications for the launching 
rocket and the satellite, and their construction, repre. 
sent the major phase of the technical program for 
Project VANGUARD. The project director must be 
equally concerned, however, with all of the attendant 
programs required to make it succeed. A launching 
site has been selected. The VANGUARD satellite 


will be fired into its orbit from Patrick Air Force} 


Base, Cocoa, Fla. This base meets the operational 
requirements for large rocket launching and appears 
suitable to the scientific needs of the program. As 


soon as the project was established, Navy scientists' 
and scientific and facilities officers began a series of ' 


continuing consultations with their Army and Ai 
Force counterparts to determine the best launching 
site, the requirements for logistic support and how they 
will be met by the three services, and how problems of 
establishing and manning tracking stations will he 
handled. 

Several tracking stations will be set up. Each 
station must have communications circuits linking one 
another and linking each to a central collecting and 
computing agency. Each station must have a com- 
plement of technicians, observers, and operators, al- 


though a minimum of construction will be required 


Perhaps one Quonset-type structure for an operations 
building, trailers, tracking antennas, and communica 
tions antennas would constitute a typical tracking site. 

Scientists are now working to determine the primary 
orbit of the satellite and the specific tracking methods 
Both optical and radio tracking will be used. Time, 
speed, and position information from many separate 
sightings at different tracking stations must be fed 
rapidly into a central electronic computer, which wil 
determine the orbit on the basis of this information 
Data on the orbit must then be broadcast quickly 
throughout the world to enable scientists of the IGY 
to pick up the satellite with little difficulty. 

(Previous theoretical research is now proving 0 
considerable assistance in working out optical tracking 
problems. For the past several years, scientists in the 
optics division of the Laboratory have been conducting 
studies on the visibility of stars at night and during the 
day. In connection with this work, calculations wert 
made on the conditions under which small earth satel 
lites might be seen. For purposes of this study, the 
scientists assumed a satellite that was a 21-in. sphett 
traveling in an equatorial orbit at an altitude of from 
200 to 1,000 miles. As a result of these studies, “‘it has 
been concluded that if one knows exactly where and 
when to look, a satellite when nearly directly overheat 
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Official United States Navy Photograph. 
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Official United States Navy Photograph. 


Artist's concept of satellite preliminary schematic trajectory. 


and at 200 miles altitude would first be visible through 
7 X 50 binoculars when the sun is 2° below the horizon, 
and would be visible to the naked eye for solar depres- 
sion angles greater than 9°. To see such a satellite 
easily, however, and to be sure of observing it, when 
the position is not known exactly, some telescopic 
magnification such as 7 X 50 binoculars would almost 
be a necessity and observations of the satellite should 
not be attempted until the sun is 5° below the horizon.’’) 

When the rocket and its satellite pay load are ready 
to launch and all of the launching facilities and tracking 
equipment and stations are in readiness, the Project 
VANGUARD satellite will be fired up into its orbit. 
Only a general summary of the procedure is possible at 
this time, using figures that stem from preliminary 
design thinking. More precise data must await 
extensive detailed planning and engineering. The 
first-stage rocket will start the entire assembly vertically 
on the first part of its flight, and, when it is a few miles 
off the ground, its guidance system will begin to steer it 
gradually toward a horizontal trajectory. When its 
fuel is exhausted, the first stage will drop off and fall into 
the sea. This will take place at 30 to 40 miles up, 
and the rocket will have reached a velocity between 
3,000 and 4,000 m.p.h. The second rocket, deflected 
from the vertical, will continue the satellite upward. 
It will burn out at about 130 miles up, and the rocket 
will then be traveling at about 11,000 m.p.h. It will 
then coast, guided by its own control system, into the 
satellite trajectory, with only very slight deceleration. 
At an altitude of about 300 miles, the second stage will 
separate, fall free, and the third rocket motor will ignite 
and accelerate the satellite vehicle to a velocity of 
about 18,000 m.p.h. It may then separate from the 
satellite proper. The satellite will then be headed 
horizontally into its orbit, at orbital speed. A portion 
of the total velocity will -be gained by launching the 
rocket toward the east, to take advantage of the earth’s 
rotation. Thus, before the rocket is even launched, 
it will have a substantial horizontal velocity because 
of the rotation of the earth. 

The satellite’s orbit will be elliptical, rather than 
circular. Perigee—the point of nearest approach— 


will be about 200 miles from the earth, and apogee 
the most distant point in the orbit—will be about 800 
miles out. 

The problem of guidance, to ensure that the satellite 
is projected horizontally into its orbit, is especially 
difficult. If the angle of entry is either too high or too 
low, perigee will be too close to the earth, and the 
satellite will dip into the denser portions of the atmos- 
phere and disintegrate before it has made enough 
revolutions to complete its mission. It has been 
determined on the basis of theoretical calculations that 
the angle of projection should not deviate by more than 
a few degrees from the horizontal for a launching alti- 
tude of 300 miles. If it misses by more than this, the 
perigee altitude will be roughly half of the launching 
height, which would cause the satellite to dip well into 
the denser parts of the atmosphere and cut short its 
life. The guidance system must therefore be designed 
to ensure an error of no more than a few degrees 
in the angle of projection into the orbit. 

The consequences of missing the planned orbit are 
not so serious in terms of the satellite’s lifetime but 
would pose problems of tracking. The satellite will 
transit different areas of the earth on each revolution. 
If a revolution is completed in 90 min., as is now con- 
templated, the earth will have completed roughly one- 
sixteenth of its daily rotation during this time, so that 
the satellite will appear at a different longitude for the 
same latitude on its next trip. 

Although the portion of the atmosphere through 
which the orbit will pass is extremely thin (just how 
thin is one of the facts that the satellite may establish), 
the cumulative effect of the drag of this thin air will 
be sufficient to bring the satellite gradually closer to the 
earth. As the satellite enters the denser atmosphere, 
it is expected to disintegrate harmlessly in the same 
manner as a meteorite, because of intense heat and 
probable mechanical collapse. The lifetime of the 
satellite is being estimated on the basis of a number of 
assumptions concerning the composition and density 
of the upper atmosphere. It may be several days or 
several weeks or even months, depending upon what is 
up there. 
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A simplified analysis of the 
adaptability of single-dise turbine 
designs to accessory drives, 
contrasting the “direct drive” 
feature of drag turbines to the high 
rotational speeds of conventional 
turbines. 


Accessory Drive Turbines for Aircraft and Missiles 


O. E. Balje* 
Hydro-Aire, Inc. 


NOMENCLATURE 
Ae = effective nozzle area, sq.in. 
Am = flow area, in.? 
a = area, in.? 
be = blade width, in. 
c = velocity, ft./sec. 


Cth = spouting velocity, ft./sec. 


D = impeller diameter, in. 

g = gravitational constant 

Haa = adiabatic head, ft. 

HP = horsepower 

K = throughflow coefficient 

N = rotational speed 

Ma* = peripheral Mach Number 
n, = specific speed 

p = pressure, psia 

R = gas constant 

i = temperature, °R., torque, in.Ib. 
u = wheel speed, ft./sec. 

v = velocity, ft./sec. 

V = volume flow, ft.*/sec. 

W = turbine weight flow, lb./sec. 
= = speed ratio 

Bo-2 = blade angle rotor inlet 

= specific weight, lb./ft.? 

6 = ratio of drag factors 

n = efficiency 

v = characteristic design parameter 
o = stress 

T = sheer stress 

kK = ratio of specific heats 

r = friction coefficient 

v = geometry factor 

v = nozzle coefficient 

w = angular velocity 


(I) INTRODUCTION 


ewe AND MISSILE accessory power require- 
ments may vary from less than 1 HP up to peak 
values of 100 HP or more. This power can be obtained 
by different means—e.g., by driving the accessory from 
the pad of the main engine either directly or by means 
of a constant speed drive, or by auxiliary turbines using 
bleed air or gas generator gas as an energy source. The 
use of main-engine compressor bleed air provides ex- 
pansion ratios from 2:1 (for idle conditions) up to 20:1 


* Staff Engineer, Turbo-Development. 
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(for combat conditions), with bleed temperatures rang- 
ing from 700° to 1,300°R. In gas generator applica- 
tions, higher pressure ratios are comnionly encountered 
(seldom less than 20:1) with temperatures up to 
3,000°R. In the following sections some aspects of 
turbine design for those conditions will be discussed. 


(II) TurRBINE CHARACTERISTICS 


Most turbine types can be characterized by an effec- 
tive nozzle area A, and a diagram showing turbine 
efficiency n, as function of the velocity ratio u/¢y,, where 
u/ C1» denotes the ratio of the mean blade speed (ft./sec.) 
and the spouting velocity (or theoretical gas velocity) 
Cm (ft./sec.) (see Fig. 1). In these terms, c,, represents 
the maximum adiabatic velocity a gas can attain fora 
given pressure ratio and temperature and is a measure 
of the energy level of the gas. The effective nozzle area 
A, indicates the amount of gas passing through the 
turbine since the weight flow usually can be expressed 
by the term 
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Turbine efficiency as a function of velocity ratio. 


Fic. 1. 


with y 
depend 


With 
turbine 


This 
weight 
may be 
makings 
signs. 


HP _ 


indicat 
charac 
directl 
of the 
of the 
tempe: 

Dep 
sign g 
efficier 
usualh 
(see F 

The 
machi 
cate tl 
efficier 
high-s 
be ke 


Fr 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
above 
d 
| | 
( 
| | 
} 
= | 
ne 
\ | = 
}— REACTION TURBINE RADIAL) 
| 
| 
2 | | 
| | 
| 
0 2 4 6 - 0 
|| 
P 


rbine 


> high 
nal 


2S rang- 
applica- 
untered 
up to 
ects of 
sed. 


in effec- 
turbine 
ny Where 
ft. /sec.) 
elocity) 
presents 
in fora 
measure 
zle area 
ugh the 
“pressed 


ratio. 


W = (1) 


with y being a function of the specific heat ratio (x) and 
depending on the pressure ratio through the nozzle: 


With these notations the power developed by the 
turbine becomes 


HP = (Wey2m,)/1,100g (3) 


This equation can be modified by expressing the 
weight flow in terms of the nozzle area [Eq. (1)], which 
may be related to the square of the wheel diameter thus 
making A,/D* a significant parameter for turbine de- 
signs. With this term the turbine net power becomes 


Ca! D? Cin RT, N? /RT, N2 


indicating that the turbine power depends on the 
characteristic product 38 = (A,/D*)n,(u/cm)*, varying 
directly with the inlet pressure p; and the fourth power 
of the spouting velocity cy, and inversely to the square 
of the rotational speed N and the square root of inlet 
temperature 7}. 

Depending on the blade form of the rotor and the de- 
sign geometry of the air passages, optimum turbine 
efficiencies for conventional single-stage designs are 
usually reached at u/c,, values ranging from 0.45 to 0.8 
(see Fig. 1). 

These characteristics are typical for existing turbo- 
machinery reflecting common design practice and indi- 
cate that radial turbines are usually designed with peak 
efficiencies at u/c», = 0.7. This is almost mandatory for 
high-speed radial impellers since blade stress loads can 
be kept within reasonable limits only by selecting 
&-2 = 90° which restricts the peak efficiencies to the 
above velocity ratio. In axial turbines, the blade angle 
2 does not materially affect the impeller stress load 


(4) 


600 


Ma” 


Fic. 2. Relationship between specific speeds and A,/D?. 
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so that axial turbines can be designed for peak efficien- 
cies at smaller or higher velocity ratios. 

The effective nozzle area A, varies with the square of 
the impeller diameter D in geometrically similar tur- 
bines so that the ratio A,/D? is an important parameter 
for turbine designs. This ratio is proportional to the 
specific speed ;, a significant parameter for selecting 
turbine designs: 


V VN 4: Dew 
= = -—— 


when V3 denotes the exit volume flow, NV the rotational 
speed, Hq the adiabatic head, y the density, and when 
the impeller tip speed u is expressed by the tip Mach 
Number Ma*: 


fa* = 6 
V [2«/(k + 1) ]gRT; 6) 


Considering the interrelationship between peripheral 
Mach Number, density ratio, and y, the relation be- 
tween specific speed and the ratio A,/D? can be calcu- 
lated numerically and is represented in Fig. 2 as a func- 
tion of the peripheral Mach Number Ma* and velocity 
ratio. This diagram indicates that the specific speed 
n; and the term A,/D? are identical and differ mainly by 
the peripheral Mach Number. 

Considering, additionally, that the width in radial 
turbines (or blade heights in axial turbines) also de- 
pends on A,/D? since 


= (A,/D*)/x sin az (7) 
revealing that small A,/D? ratios imply small blade 
widths and consequently comparatively high leakage 
losses, particularly at high Ma* values, and taking into 
account the relationship between peak efficiency and 
specific speed, an approximate relationship between 
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maximum obtainable efficiency and A,/D? value can be 
established. These considerations indicate that for high 
pressure ratios A,/D? values of 0.02 to 0.04 will result 
in maximum efficiencies for single-stage radial turbines, 
whereas typical values for A,/D? for single-stage axial 
turbines are A,/D* = 0.03 to 0.05. Fig. 3 shows ap- 
proximate relationships between efficiency and A,/D? 
which may be considered typical for aircraft and missile 
accessory drives. 


(III) CONVENTIONAL TURBINES FOR ACCESSORY DRIVES 


With the above values of u/cy, and A,/D? the 3 values 
for axial and radial turbines vary from 2 X 107? for 
small A,/D? values and small wheel diameters to 2 X 
10-? for high A,/D?* values and greater wheel diameters 
asindicated in Fig. 4. The difference in the correspond- 
ing 8 values for axial and radial wheels is comparatively 
little, both turbine types requiring about the same 
rotational speed NV in order to generate a certain amount 
of power for given energy supply conditions cy, p:, and 
T, [see Eq. (4)]. Since the peak efficiencies 7,~ max of 
both types are also about equal, the effective nozzle area 
A, will also be equal, which means that the wheel 
diameter of radial turbines will be higher (about 12 per 
cent) than the wheel diameter of the corresponding 
axial turbine because of the different A,/D? values. 
Consequently, the tip speed of the radial turbine will be 
higher than the tip speed of the axial turbine, implying 
higher stress loads for the radial wheel. Because of the 
different wheel geometrics, however—especially the 
greater supporting area for the blades in radial impel- 
lers—the mean specific tangential stress of the radial 
wheel is generally smaller so that, in spite of the speed 
difference, no significant difference in stress loading of 
impellers has to be anticipated. This means that no 
outstanding preference for axial or radial turbines ap- 
pears to be justifiable for initial fixed nozzle design con- 
siderations based on rotational speed and impeller stress 
loading. 

Fig. 5 indicates the rotational speeds which would be 
required for peak performance of these turbine types for 
different inlet conditions and expansion heads (c,,) and 
outputs from 3 to 60 HP, assuming that such units 
could be designed for 3 = 10-*. In calculating the im- 
peller diameter, using the corresponding A,/D? value, it 
is found, however, that for the maximum bleed condi- 
tions and usual gas generator energy levels—especially 
for low HP outputs—impeller diameters of less than 1 
in. result (lower part of Fig. 5). It becomes apparent 
therefore, especially when the extremely high rotational 
speeds (V = 10° and above) are considered, that 3 = 
10-? is an impossible design requirement when high 
bleed air and propellant energy levels must be handled. 
More reasonable values for these conditions can be ob- 
tained only by selecting smaller A,/D? values which in- 
evitably reduces the efficiency as shown in Fig. 4. Fig. 
6 shows the required rotational speeds when A,/D? 
values corresponding to impeller diameters greater than 
lin. are selected. It is apparent that unobtainably high 


speeds of 500,000 r.p.m. will still be required for the high 
energy levels, even though 3 has been decreased to 
values at which only 50-60 per cent turbine efficiency 
can be expected. For minimum to moderate energy 
levels, however, the speed requirements can be kept 
within reasonable limits (30,000 to 70,000 r.p.m.) with- 
out sacrificing efficiency. In all cases, gearing between 
turbine and accessories is mandatory since accessories 
usually operate at speeds of 4,000 to 24,000 r.p.m. 

By operating a turbine at partial load (lower u/c, 
values), the speed can be reduced further. This is 
shown by the upper lines in Fig. 7 where # is plotted 
against efficiency showing a reduction in 3 values by a 
factor of 100 (nm, = 26 per cent)—i.e., a reduction in 
speed (N,/No = v/d/8,) by a factor of 10. At the 
same time, the wheel diameter is increased by the square 
root of the efficiency ratio—i.e., by a factor of 1.82. 
However, even by operating at these low efficiencies, the 
rotational speed for typical propellant operation is still 
above 100,000 r.p.m. for a turbine output of 3 HP. 
For higher turbine outputs and maximum bleed air con- 
ditions this mode of operation gives more reasonable 
speeds—at the cost, however, of increasing the energy 
supply by a factor of 3.3. 

A less costly method of decreasing turbine speeds is 
the application of partial admission. Fig. 8 shows how 
partial admission affects the turbine peak efficiency 
Nt—mar and optimum velocity ratio u/c, indicating that 
both values decrease with decreasing degrees of admis- 
sion.’ * % Since, additionally, the value A,/D? de- 
creases proportionally to the admission rate, the value 
#0 changes considerably with decreasing degrees of ad- 
mission. The dashed line in Fig. 7 shows these val- 
ues as function of efficiency. Comparing this curve 
with the corresponding values for full admission tur- 
bines (both upper lines in Fig. 7), it becomes apparent 
that for a decrease in rotational speed by a factor of 10 
(# = 0.01 tod = 0.001) the efficiency decreases to about 
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Fic. 8. Effect of partial admission on turbine efficiency 
and optimum velocity ratio. 
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Fic. 9. 


Schematic of drag turbines 


38 per cent (instead of the 26 per cent for full admission 
turbines)—i.e., the energy supply has to be increased 
by a factor of 2.26 (compared to 3.3). The wheel 
diameter increases with the square root of efficiency 
ratio and A,/D? values—i.e., in this case (7 per cent ad- 
mission) by a factor of 5.7, increasing the wheel diame- 
ter to about 1 in. for typical propellant-turbines, gener- 
ating 3 HP. The speed, however, for this case is still 
above 100,000 r.p.m. 

It can be concluded from these considerations that 
turbines of the above designs will require gearing in 
most cases where small power requirements are coupled 
with high energy supply conditions (high c,,). 


(IV) Drac TuRBINES 


Eq. (4) indicates that the turbine must operate at 
low u/c, values in order to generate small amounts of 
power at moderate speeds. Peak efficiencies can be ob- 
tained at low u/c», values by multistage designs. It is 
also apparent that the design complexity (sensitivity to 
tolerances, number of parts, development time) is 
greatly increased by using multistage designs. In cases 
where simple designs are called for, the drag turbine 
offers considerable advantages since its operational 
characteristic closely resembles that of a multistage 
turbine. The design complexity, however, is notably 
smaller than that of multistage designs and even less 
than that of single-stage conventional designs since this 
multistage effect is obtained with a single wheel, ex- 
hibiting extremely simple blade forms. This turbine 
type lends itself remarkably well to the generation of 
small amounts of accessory power because of its ex- 
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tremely small effective nozzle area. 
basic features of drag turbines. 

The air enters at the inlet port (station 1), goss 
around the periphery in a corkscrew pattern, and js 
discharged at the outlet port (station 2) whereby inlet 
and outlet ports are separated by a block seal. The 
flow enters the blade passages several times because of 
the corkscrew pattern so that a multistage effect is ob. 
tained. The details of this flow pattern have been in. 
vestigated on similar units running as pumps. Some of 
the available references quote flow measurements, indi- 
cating the instantaneous direction of the flow at several 
locations and thus demonstrating the flow mechanism 
in this type of machine. It is possible, by utilizing this 
information, to analyze the characteristic of this turbine 
type by considering the change of moment of momentum 
of the flowing medium for every cycle of the spiraling 
flow pass. This type of analysis, however, tends to be- 
come complex because of the three-dimensional nature 
of the flow pattern and the change in number of cycles 
with velocity ratios and wheel geometrics. A simpler— 
although not as exact—type of analysis is obtained by 
considering only the average peripheral components of 
the flow—i.e., by assuming that the driving effect is 
proportional to the drag exerted by the throughflow on 
the rotating part. 


Fig. 9 shows the 


This type of analysis has been suc- 
cessfully applied‘ for investigating the performance 
characteristics and performance parameters of drag 
pumps (also referred to as turbine pumps, regenerative 
pumps, traction pumps, etc.). Extending these con- 
siderations to compressible medii and turbine action, 
the input head can be represented by the relation 


Aaa = (Ta,da, + T7,Q7,) (8) 


when inlet velocity v,; and exit velocity v: have the 
same value and when 7 expresses the sheer stress be- 
tween the flow and rotor surface (d,) or between flow 
and stationary wall (f,), a the corresponding areas, A, 
the throughflow area, ym the mean density, and v the 
velocity in front (1) and after (2) the turbine flow pass. 
The sheer stress generally can be expressed by the hy- 
potheses 


rT = (y/2g)v7r (9) 


with v denoting the shear velocity—i.e., the relative 
velocity between the flow medium and surface. The 
turbine torque is 


T = tardar(D/2) (10) 
so that the turbine output head becomes 
H, = Tw/W = Tw/(cAmYm) (11) 


with c expressing the throughflow velocity. The 
hydraulic turbine efficiency, being the ratio of turbine 
input and output, can then be written in the form (1 = 
V2) 


m = x/{1 + [6/(1 — x)*]} (12) 


when the symbol x denotes the ratioof asignificant blade 
speed and a significant flow velocity, and when the sym- 
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bol 6 denotes the ratio of the drag factors of the station- 
ary and rotating part. 

The above equation is graphically represented in Fig. 
10 which shows that, for 6 = 0, a hydraulic efficiency 
of 100 per cent can be obtained at a speed ratio of x = 1. 
For 6 = 1 a maximum hydraulic efficiency of 11 per cent 
is obtained at a speed ratio of x = 0.43. For smaller 6 
values the efficiency increases together with the speed 
ratio x. The peak efficiency values of this diagram can 
now be plotted as functions of the value 6 as shown by 
the solid line in Fig. 11, indicating that efficiences of 50 
per cent will be obtained for 6 = 0.034. 

The input head (Eq. 8) can be represented in the form 
of a dimensionless head coefficient (assuming v; = 72): 


daa = Hoa/(u?/g) ~ v{[(1 — x)? + 6]/x?} (13) 


whereby the symbol v mainly represents significant di- 
mensions of the turbine geometry. The head coefficient 
(aa is inversely proportional to the square root of the 
velocity ratio u/c, so that now a correlation can be ob- 
tained between the maximum obtainable efficiency and 
velocity ratio which is graphically represented by the 
dashed line in Fig. 11 showing that this correlation is 
mainly determined by the values 6 and v 

It is apparent from these diagrams that the value 6 de- 
termines the maximum obtainable efficiency, whereas 
the y value determines the velocity ratio at which peak 
efficiency occurs. The obtainable 6 values can be de- 
termined by different methods. One method would be 
toresort to available information on drag coefficients for 
different types of surfaces. This approach, however, 
requires an extremely careful and critical analysis giving 
due consideration to the flow patterns prevailing in the 
rotating and stationary channel. Another approach 
would be to analyze all the 6 coefficients which have been 
obtained in the previously mentioned pump investiga- 
tions since the maximum obtainable efficiency for this 
type of machine, operating as a pump or compressor, 
can be expressed by the value 6. The solid line in Fig. 12 
shows the dependency of the hydraulic pump efficiency 
on its 6 value, indicating a 6 value of 0.09 for the al- 
ready obtained pump efficiency of 48 per cent. This 
means then, according to Fig. 11, that turbine efficien- 
cies of 39 per cent are possible. The obtainable v 
values for pumps and their relation to the 6 value can 
also be derived from this analysis, since the pump head 
coefficient also is a function of 6 and », as indicated by 
(see dashed line in Fig. 12) 


qaa* ~ v{[(x — 1)? — 8]/x?} (14) 


The evaluation of pump data indicates that v values 
of 20 have been obtained with pumps, implying that the 
above-quoted turbine efficiencies of 7, = 0.39 can be 
obtained at velocity ratios of u/c», = 0.2. 

This estimate must be considered conservative since 
the 6 and » values calculated from pump test data in- 
clude leakage losses through the block seal. These 
losses are more detrimental in drag pumps than in drag 
turbines since in pumps the leakage occurs from outlet 
port to inlet port—i.e., the fluid leaks after it has ab- 


sorbed the energy of the compression process. 
tionally, the leakage is in direction of wheel rotation and 
therefore is high compared to leakage in drag turbines 
where the leakage is from inlet to exit port—i.e., against 
wheel rotation. 
action and additional consideration dealing in more de- 
tail with the actual flow pattern in drag turbines and 
drag pumps indicate that lower 6 values and higher v 
values than indicated above can be obtained. This 
means that higher turbine peak efficiencies are obtain- 
able and that the optimum velocity ratio can be re- 
duced with further development. 
Fig. 13 shows a selection of precalculated turbine 
characteristics, reflecting the previously discussed ten- 
dencies—i.e., increasing peak efficiencies with decreas- 
ing 6 values and decreasing optimum velocity ratios 
with increasing v values. 
gram show Hydro-Aire test results of one of the later 
experimental units indicating satisfactory agreement 
with the precalculated data, especially at low u/c 
values. 
data at higher u/c, values is accounted for by the wheel 
dise friction losses which have been neglected in the 
analysis for simplicity reasons. 


Addi- 


The reduced leakage effect in turbine 


The lower part of 


The cross-marks in this dia- 


The discrepancy between analysis and test 


The weight flow through the turbine is determined by 


the relation 


W = Am(pi/V RT;)K(c/¢m) (15) 


whereby the factor A is a throughflow coefficient and 
similar in definition to y but numerically about 50 to 100 


per cent greater. The expression c/c,, can be directly 


calculated from the previous analysis and depends on 


5, v, and u/c. Some precalculated values are shown 
in the upper part of Fig. 13. 
Comparing Eq. (15) with Eq. (1), it becomes appar- 


ent that the effective nozzle area of drag turbines can 


be expressed by the relation 


A, = (AmKc/cm)/v (16) 
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Fic. 10. Basic relationships for drag turbine performance. 
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indicating that the throughflow area of drag turbines is 
considerably greater than the nozzle area of the cor- 
responding conventional turbine. This means that drag 
turbines have greater flow channels than conventional 
turbines passing the same amount of flow. This feature 
isof special importance in cases where low turbine out- 
puts are desired at high energy supply levels (propellant) 
and favors the producibility and unit cost of drag turbines 
considerably, especially when the simple channel geome- 
try of drag turbines is compared with the frequently re- 
quired convergent-divergent supersonic nozzles and air- 
foil shapes of the blading in conventional turbines. 

Another advantage of the drag turbines can be shown 
when the # value of this turbine type is considered. 
With Eq. (16) expressing the effective nozzle area and 
y expressing significant dimensions of the turbine 
geometry, an expression for the A,/D* value for drag 
turbines can be formed which shows that A,/D? is es- 
sentially proportional to the ratios K/y and c/c but 
inversely proportional to the product vd. Hence, the 
# value can directly be calculated and assumes values 
which are shown in Fig. 14 as functions of efficiency. 
In this diagram, the shaded area indicates a region sub- 
stantiated by Hydro-Aire test results whereas the cross- 
hatched area indicates the region obtainable with 3 and 
y values obtained in pump investigations. This, how- 
ever, cannot yet be considered as a limit for the drag 
turbine potential since considerable improvement in 6 
and vy values must be expected with further develop- 
ment. 

Comparing the # values of drag turbines with # 
values of conventional turbines (dashed lines in Fig. 
14), it is apparent that the drag turbine covers con- 
siderably lower regions than even the partial admission 
turbines and that the presently obtained efficiencies, 
although low in absolute values, are slightly higher than 
those of partial admission turbines for equal 3 values 
and can reasonably well be expected to be improved to 
50 per cent higher values (cross-hatched area in Fig. 14) 
for d values smaller than 10->. The importance of the 
region } < 10~ is highlighted by the fact that 3 values 
of 10-7 are desired for 4 H7P gas generator turbines 
operating at 12,000 r.p.m.—i.e., at a speed which al- 
lows direct coupling with the accessories without gear- 
ing. Such ‘direct drive turbines” offer considerable ad- 
vantage with respect to unit simplicity, reliability, cost, 


envelope, and weight, especially when “integrated de- 
signs” are considered—i.e., designs in which turbine 
wheel is mounted directly on the overhung shaft of the 
accessory. This is demonstrated by the cutaway view, 
Fig. 15, of the recently developed turbine driven fuel 
pump, employing a drag turbine as drive, mounted 
directly on the pump shaft. Fig. 14 points out the low 
d values required for such designs, assuming a rotational 
speed of 12,000 r.p.m. for cases where the gas supply is 
of the high energy type. It is also apparent from this 
diagram that the drag turbine appears to be the most 
promising type for this application, offering higher 
efficiencies than the other designs. The wheel diameter 
required for drag turbines operating at these # values 
will be of reasonable size and are unlikely to exceed the 
accessories’ envelope diameter in most applications be- 
cause of the flexibility of the geometric design parame- 
ters (v values). Asa result of the low rotational speed, 
only small to moderate wheel tip speeds are required, 
providing stress loads which most likely can be handled 
by cermets of presently produced qualities—especially 
for short-time duration—and thus making direct drive 
turbines energized by high-temperature gases more 
feasible. 

The above considerations can be simplified further 
when it is considered that the 3 values can be correlated 
to the ratio HP/p, (HP over inlet pressure) through the 
rotational speed, pressure ratio, and gas temperature. 
Such an analysis indicates to some degree which turbine 
type gives the highest efficiencies and reveals that, for 
rotational speeds from 10,000 to 20,000 r.p.m., drag tur- 
bines in general achieve higher efficiencies than conven- 
tional single-stage types if the HP/p, value is less than 
0.05. For HP/p, values of 0.1, partial admission tur- 
bines become competitive efficiencywise at these speeds, 
whereas HP/p, values of 10 and higher point to conven- 
tional designs. 
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INTRODUCTION 


pene SYSTEMS to transmit heat and power offer 
one of the newest, most promising solutions to the 
growing demands of accessories in aircraft. The high 
speeds, high altitudes, and extended ranges of today’s 
planes necessitate minimum structural weight and in- 
creased propulsive power. At the same time, require- 
ments for auxiliary power are rising because of increased 
pressurization, air conditioning, flight controls boost, 
and automatic operation. 

Pneumatic power offers many advantages over elec- 
trical, hydraulic, and mechanical methods. By means 
of air turbines, piston and cylinder actuators, and jet 
pumps, bleed air can be used to accomplish practically 
every auxiliary function. 

Air is light in weight, available everywhere, and 
simple to use. It requires no return system. It is 
safe because it will not burn, and it eliminates the possi- 
bility that the wrong fluid may be fed into a system. 
Air lends itself to system integration, which enhances 
reliability. A single pneumatic system can take 
energy-laden air from main power plants, air-borne 
auxiliary gas turbines, or ground facilities. Pneuma- 
tic ducts in multiengined planes can be manifolded to- 
gether so that loss of an engine will not seriously impair 
the system. 

But the selection of power components and the de- 
sign and fabrication of ducting require extreme care 
and advanced knowledge if benefits are to be realized. 
Every task, from propelling the plane to performing the 
auxiliary functions, is accomplished by the energy in 
the fuel carried. 

Normally, it is more efficient to transmit power 
through shafted systems than through pneumatic. 
Therefore, a pneumatic system must have high overall 
efficiency if the fuel consumption charged to it is to be 
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Pneumatic Ducting Systems 


1 description of the design and manufacturing problems of a power 
fransmission system for compressor-bled air. 


Rectangular openings for round ducting are achieved with transitional 
sections in this afterburner cooling duct system. 


justified. This is attained only when the ducting sys 
tem is carefully matched and balanced with the tem- 
perature, pressure, and velocity of the airflow and the 
power drive components used. 

These structures are not simply air pipes, plumbed 
together with standard fittings, which can be fabricated 
by any sheet-metal shop. Like exhaust equipment for 
jet and piston engines, these systems must handle large 
volumes of high-temperature, high-pressure gases (air) 
But because pneumatic ducting must transmit power 
throughout an airplane and is therefore required in sub- 
stantial quantities, it must be built from extremely light 
gage alloys to keep weight within tolerable limits. 
This imposes completely new design and manufacturing 
problems, many of which have not previously been ex- 
plored by industry. 

Pneumatic ducting requires high temperature-re 
sistant alloys, such as stainless steel, because temper- 
atures range from 500° to 900°F. These alloys also 
possess yield strengths at elevated temperatures such 
that gage thicknesses can be reduced to a range of 
0.008 to 0.020 in. to keep weight down. Within these 
thin-walled systems, pressures from 50 to 250 psi and 
velocities ranging to the speed of sound at sea level 
(764 m.p.h.) must be handled. 

The problems are magnified by the need for flexible, 
leak-resistant joints to accommodate the extreme differ 
ential in thermal expansion between the ducting system 
and the airframe. Flexible joints are also required for 
transmitting power to movable aircraft surfaces. At 
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the same time, the number of joints, fittings, turns, and 
discontinuities must be kept to an absolute minimum to 
avoid all losses due to induced drag and turbulence. 


ADVANTAGES 


Air bled from the compressor stages of turbojet or 
turboprop engines can provide the major source of 
pneumatic power because this air is already energized 
todo the job. With a properly designed ducting sys- 
tem, compressor-bled air can be integrated with ex- 
ternal engine-starting auxiliary power sources, internal 
gas-turbine drives, and ram air systems. This versa- 
tility lends itself to the ultimate objective of making the 
airplane self-contained, which increases mobility and 
reduces turnaround time at airports. 

Pneumatic ducting systems, fed with compressor- 
bled air, provide decided advantages over other methods 
of power transmission in simplicity, reliability, ease of 
maintenance, safety, and weight-saving. 

Weight can be saved in several ways. Power is 
transmitted through lightweight, air-filled tubes in- 
stead of heavy cables and oil-filled conduits. No fluid 
reservoir is required because the system is not a closed 
type and the air is dumped overboard after use. 
Motors and actuators can be placed in the fuselage, 
close to the points of power application, thus shortening 
cable and conduit runs and simplifying maintenance 
through increased accessibility. 

Another weight-saving feature is the adaptability of 
pneumatic ducting to multiple applications. In one 
design, a 2-in. diameter system was adequate for power- 
ing an air-conditioning unit. By enlarging the ducting 
toa 4-in. diameter, the same system could also handle 
an air-turbine drive for accessory use. Only 65 per 
cent of the weight of the system was charged to the air- 
turbine drive because 35 per cent was already assigned 
to the air-conditioning requirement. 

Because pneumatic systems use fewer sources of 
power and shorter cables and hydraulic lines, they are 
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inherently simpler, making them more reliable and 
easier to maintain. 

One of the important advantages gained is the im- 
proved simplicity of an aircraft’s main-engine structure. 
Increased numbers of accessories are being placed on 
the engines to serve multiplied requirements of the 
latest aircraft. These accessories have expanded the 
diameter and length of engine nacelles, adding frontal 
drag and adversely affecting performance. 

With pneumatic systems, the engines can be kept 
clean of shaft-driven accessories. This permits slim- 
mer, shorter engine nacelles which lend themselves to 
the requirements of wing and pod-mounted power 
plants. Because the engines are relieved of the acces- 
sories, they are lighter, and the wing and pod struc- 
tures can also be made lighter. 

Welcome savings in time and money are realized 
when engines are to be replaced or repaired. Power 
plants can be quickly removed without bothering with 
disconnecting a host of engine accessories. A salient 
maintenance feature is that the entire pneumatic sys- 
tem can be checked out with ground sources of air with- 
out using the main engines. 

Safety is enhanced by use of pneumatic systems be- 
cause air-filled tubes are substituted for hydraulic 
lines, which can burst into flames when ruptured as a 
result of accident or combat-caused damage. 


AUXILIARY POWER 


Pneumatic ducting systems can provide power for all 
aircraft needs now supplied by electrical, hydraulic, and 
mechanical means. Compressed air from main-engine 
compressors or gas turbine-driven pumps can be used 
to drive air turbines, electrical alternators, hydraulic 
pumps, and direct mechanical actuators. Through 
these devices, aircraft can be pressurized, heated, 
cooled, and ventilated for the comfort of personnel and 
to ensure satisfactory operation of equipment. 

The simplest method of air conditioning is to take 
compressor-bled air directly to the cabin through re- 
frigerating and flow control devices. Care must be 
exercised to avoid, or screen out, all engine contami- 
nants which might cause irritation. 

Another technique involves the use of compressor- 
bled air to drive separate cabin superchargers. This 
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Ducting system for taking ram air and cooling high-temperature after- 
burner sections is shown in this fabricated structure. 
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Flexible ball-type socket, designed by Ryan, is leak-resistant means 
for providing universal duct movement and rotation. 


Slip-type joint accommodates linear movement due to thermal 
expansion needs. Joint is of all-metal construction, with replace- 
able seals. 


Two methods for branch line take-offs of pneumatic ducting are 
shown in stainless steel, 0.010-in. gage. Arc welding, spot- 
welding, and brazing are joining methods. 
sections indicated by smooth beading. 
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system is lighter than shaft-driven superchargers be. 
cause no gear box is needed. It is more complicated 
than using compressor-bled air directly, because a heat 
source must be provided and compressors must be regu- 
lated for varying altitudes. 

For ventilating and moderately cooling certain types 
of air-borne equipment, ram air picked up in flight may 
serve. This air can be picked up with air scoops and 
ducted to equipment and cargo areas. 

For operating landing gear, flaps, and control sur. 
faces, pumping fuel, and actuating jet-engine nozzle 
controls, the designer must select the combination of 
power transmission systems which best fits the overall 
requirements. Substantial amounts of electric power 
can be generated by operating alternators from com- 
To meet constant frequency needs, 
it is necessary to provide means of compensating for the 
variation in air temperature and pressure during flight. 
This can be achieved by using a variable nozzle with 
the air-turbine drive for the alternator. 

For hydraulic power, compressor-bled air may be em- 
ployed with simpler regulation because 
pumps will produce adequate pressure and flow over a 
wide range of engine speeds. Emergency power for 
both electrical and hydraulic systems can be made 
available by installing small air turbines which will 
operate on compressor-bled air in flight and compressed 
air from auxiliary gas turbines on the ground. 


pressor-bled air. 


hydraulic 


ENGINE STARTING 


As turbojet engines have increased in thrust, the 
torque required to start them has also risen to the point 
where pneumatic starting systems are now preferred. 
They are simple and lightweight. They usually con- 
sist of an air turbine, geared to the main engine, which 
may be energized by a compressed air source that is 
either air-borne or ground-located. 

On multiengined aircraft, the first engine may be 
started in this way, and the others may be activated by 
air bled from its compressor. Where the airplane must 
carry a self-contained starting system, a hot gas tur- 
bine can feed gas to the same type of turbine starter 
which is modified to accept high-temperature gas. 


BOUNDARY-LAYER CONTROL 


Boundary-layer control may soon become an aircraft 
requirement because of the advantages in increased pay 
load and reduced landing speeds which it has demon- 
strated. Insulated ducts can be used to carry large 
airflows from engine compressors to wing sections. 

In some cases, turbocompressors may be employed to 
provide efficient delivery during periods when air speeds 
are low and boundary-layer control is most useful. 


ANTI-ICING 


Like boundary-layer control, anti-icing of aircraft sur- 
faces requires large volumes of air. From a standpoint 
of installed weight and simplicity, this heated air call 
best be obtained from the main-engine compressor and 
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Short-radii bends in 0.010 in. stainless steel are easily formed. 
Note heavy flange seamwelded to thin-gage tubing. 


injected directly into the structures to be protected. 
If the air temperature is too high for the aluminum sur- 
faces, added quantities of cooler air may be picked up 
and mixed with it. This will also reduce the drain of 
air taken from the propulsion power plants. 


DyNAMIC CONTROL 


The dynamic control of aircraft in flight with com- 
pressed air is another new development which is re- 
ceiving attention. This technique, which has been 
demonstrated in the British ‘‘Flying Bedstead’”’ test 
vehicle, may be particularly valuable in stabilizing the 
fight of VTO and helicopter aircraft because they 
operate at such low air speeds that conventional con- 
trols may be inadequate. In these applications, yaw, 
pitch, and roll control may be achieved in hovering air- 
craft by exhausting compressor-bled air from special 
ducts at air-frame extremities. Reverse thrust effects 
may also be augmented by using compressed air to de- 
flect the main jet stream or to actuate and cool reverse 
thrust deflector mechanisms. 


GENERAL DESIGN CONSIDERATIONS 


The functional aspects of pneumatic ducting systems 
involve complex aerodynamic and fluid mechanics 
problems which the designer must resolve. 


Insulation of pneumatic ducting with silicone glass cloth, which 
withstands 450°C., has proved effective. 


Compressor-bled air from main engines is a tempting 
source to tap, but this air is not free. A great deal of 
work has been done by the engine’s compressor to give 
it the energy it possesses. If full advantage is not 
taken of each pound of energy-laden air, an undue pen- 
alty in fuel consumption is paid. 


When air is taken from the engine, the turbine wheel 
and tailpipe are deprived of mass flow. This tends to 
slow engine speed and reduce thrust. Most turbojets 
are automatically speed-governed so that additional 
fuel is brought to the engine to restore the speed and 
thrust. This extra fuel consumption must be balanced 
against the advantages gained in using pneumatic 
power. 


The designer must carefully weigh every factor, such 
as the reduced frontal drag of the engines due to the re- 
moval of the accessories and the lighter installed weight 
of the pneumatic system in developing the sys- 
tem. 


Aircraft requirements are so varied that there are no 
universal design patterns. Each airplane and engine 
combination must be analyzed in the light of the spe- 
cific equipment to be served; the temperature, pressure, 
and flows of the air available; and the mission of the 
airplane. 


Air Operations Consciousness in 


Aeronautical Engineering 


1 suggestion lo improve technical decisions 
by subordinaling performance 
considerations in design to military 
operational suitability. 


Status, YEAR 1956 


W:° RECOGNIZE, of course, that industry and the 
military share with equal interest a desire to cor- 
rect an inadequate design engineering philosophy—a 
philosophy not yet geared to the precipitous operational 
environment of thisera. We need, then, a higher level of 
air operations consciousness among aeronautical engi- 
neers. With this in mind, I am going to attempt to 
outline the gravity of the situation in terms of the state 
of aeronautics as a whole. From this, a plan will be 
offered for an organic change in the engineering decision 
base. 

In building our platform for discussion of the design 
engineering province, let us first note briefly the current 
state of three major areas of aeronautical endeavor: 
the commercial scheduled air lines, military inhabited 
aircraft, and military uninhabited aircraft. 
rent state of each activity will be indicated by compar- 
ing ‘‘gross accident picture’ with ‘‘performance re- 
gime.’’ All accident data referred to will be 
January, 1954, to date. It should also be noted that, 
while some of my preliminary remarks will appear 
rather fundamental, it is the relationship of one factor 
to another that I wish to underscore. 

Consider the state of our commercial scheduled air 
lines. Thescheduled air lines have, for some time, been 
considered by our insurance houses as normal risks, 
with premiums comparable to all other forms of 
transportation. Observe that after several years within 
their present 200- to 400-knot performance regime, 
the scheduled air lines have achieved operational 
stability—that comfortable point at which casual, 
steady-state refinement can take place. 
tional stability is evidenced in the safety record of the 
commercial scheduled air lines. In fact, for the period 
of time in question, we are able to count their serious 
accidents on the fingers of our hands 

Now consider the military inhabited aircraft picture. 
Since January, 1954, several thousand serious accidents 
have been experienced by our military air services. 
It would not be proper, of course, to compare the mili- 
tary accident picture with the commercial. 
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however, make an observation. We noted the opera- 
tional stability in the air lines 200 to 400 regime. The 
observation I wish to make is in connection with the 
military’s current 500- to 700-knot performance re- 
gime, in which, our accident picture tells us, operational 
stability has not yet been attained. While we will in 
due time attain this operational stability, a serious 
concern is that production plans for the inhabited air- 
craft of the next era—those in the 700- to 1,000-knot 
regime—are proceeding without a current background 
of operational stability. This is a significant point 
in our penetration of the design engineering organiza- 
More on this later. 

Now, to continue the building of our discussion plat- 


tion. 


form, consider our third major aeronautical activity— 
military uninhabited aircraft. In our missile activities, 
it is difficult to compare “gross accident picture” 
with ‘“‘performance regime.’’ However, a few general 
observations should be sufficient for our purpose. 
The missile business is fraught with a kind of dual 
frustration. 
jump to an extreme performance regime, with all the 
inherent material difficulties implied in this, but we are 


flying these machines with an absolute requirement 


Not only are we attempting a quantum 


that everything be right before leaving the ground. 
Yes, misadventures in surface 
launched guided-missile operations. We should note, 
however, that our inordinate apprehension, both of 


there are many 


malfunction and of the tremendous forces involved in 
reaching for extremes in performance, has at least 
netted us a near perfect safety record. 

Indeed, paradoxically enough, if the missile engineer 
can learn to do his job without a catchall human 
pilot to lean on, we may well engender engineering 
disciplines that will be instrumental in realigning en- 
gineering policies in the inhabited aircraft field. In 
any case, operational stability in the missile business 1s 
still far down the road. 

To summarize our discussion thus far: We have it- 
dicated in gross terms the state of three areas of aero- 
nautical endeavor, and we have discussed three mile- 
stones in performance regimes and have indicated the 
state of operational stability in each regime: In short, 
the state of aeronautics as a whole reveals that a phenom- 
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enal growth in performance can be contrasted with a 
steady retrogression in operational stability. 


This gross situation—this growing instability in the 
operational arena—is a direct function of insufficient 
air operations consciousness in aeronautical engineering. 
Looking at the situation historically, we see that it is 
no small problem since such had been the case for over 
half a century. 

The basic philosophy that motivated the Kitty 
Hawk effort has remained virtually unchanged. The 
approach to the problem at Kitty Hawk placed the 
operator, at the outset, in an incidental role. ‘‘Of 
course, man can fly,’’ they said. ‘“‘Da Vinci proved 
this; all we need is sustaining power.’ Sustaining 
power was achieved; history duly recorded. This, 
in turn gave birth to the credo: ‘‘We must go a little 
higher, a little faster, a little farther.” 

That was over 50 years ago. I recently attended an 
important aeronautical event in which a distinguished 
keynote speaker initiated his talk with these words: 
“We are all gathered here to go higher, faster, and 
farther... etc.” While this limited approach to design 
eigineering is now inexcusable, it is understandable 
that it is still with us. Let us, then, attempt to under- 
stand the situation so that our corrective suggestions 
will be incisive. 


/ge Since depth in Operational Suitability is made even more diff 


elt has twice taken major wars to force technical management 


elt has twice been proven that we must plateau performance 


. 


to provide sufficient depth in Operational Suitability. 


before sufficient depth in Operational Suitability can be achieved 


as the performance curve steepens, management's responsibility 
becomes clear -- lower the performance curve slope or balance 
our performance-oriented management with operational orientation 


Ralph H. Miner 
Lockheed Aircraft Corporation 


73 


From the earliest days of powered flight up to the 
early years of World War II, the man in the operational 
arena—the pilot, the flight crewman, the ground crew- 
man—was considered by the design engineer to be an 
inexhaustible reservoir of operational ingenuity and 
integrating skill. And, at the time, he was, indeed, 
just that. The operational man readily endorsed the 
engineer's viewpoint, for the operator was well within 
his potential capability. The engineer would ask 
him to go higher and faster, watch a few more dials, 
push and pull a few more handles—no strain. 


The same was the case in the ground support phase 
of air operation. The ground support crewman’s 
problems were not great. Tools, maintenance equip- 
ment, checkout equipment, etc., were straightforward 
adaptations of readily available materiel. Further, 
the internal density of the aircraft proper was quite 
low and, therefore, readily attended even by sub- 
skilled support personnel. 


Year after year the engineer worked for higher per- 
formance, tossing uncorrelated operational considera- 
tions on the then-willing shoulders of the operational 
people. Unfortunately, this innocently established 
working relationship between the engineering people 
and the operational people gradually became a deeply 
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rooted engineering precedent. To amplify this point: 
These were the “‘airworthiness’’ years, so to speak— 
man reconciling a powered machine to a new medium. 
These were the years in which the airplane’s need for 
greater performance, greater structural integrity, and 
greater aerodynamic efficiency legitimately exceeded 
the needs of those who operated them. 
premature birth to a new technology. 


This gave 
Career areas 
were charted, a giant new industry was launched, 
university aeronautical engineering courses were es- 
tablished. All this with no operationally oriented 
conceptual effort—an effort that would have checked 
and balanced what has now become a sort of Franken- 
stein technology. I say technology 
because a handful of people have attempted—thus 


Frankenstein 


far with little success—to stem the performance hys- 
teria which now characterizes nearly the entire aero- 
nautical community. 
enduring an aeronautical technology which is concep- 
tually incomplete and desperately in need of orientation 
from an operational point of view. 


In short, we are, in my opinion, 


CORRECTIVE MEASURES 


While these measures are aimed toward attaining 
operational stability, they are not based on a sacrifice 
in performance regime. We can embrace any perform- 
ance regime that is based on sound Air Technical 
Intelligence estimates of Soviet air strength. We 
shall have to pay something, of course, to achieve both 
performance regime and operational stability. This 
price will be both in time and in the temporary disturb- 
ance associated with appropriate policy realignment. 
An incisive policy realignment could, of course, reduce 
the time loss to a point where it would appear insignifi- 
cant in the light of increased effectiveness. 

I am going to suggest that in the design engineering 
arena we subjugate our performance thinking to a new 
mandate—operational suitability. I shall attempt to 
illustrate a concept in which the directive force in design 
engineering is “‘air operations,” rather than ‘‘perform- 
ance,’’ consciousness. 

The climate for introducing such a concept has never 
been better. I, for one, have been encouraged not 
only by the modest successes associated with experi- 
menting with this concept in my own company but by 
the trend on the part of both industry and the univer- 
sities at large to back away and examine critically 
their traditional engineering practices. I believe they 
are looking for a new and more penetrating aeronautical 
engineering philosophy. 
suggested: 


The following is therefore 


To begin with, an operational suitability staff re- 
porting to the Director of Engineering would be es- 
tablished. Initially, this office would have both 
staff and line authority and would serve the Director of 
Engineering as a device for maintaining full spectrum 
cognizance of all operational considerations that should 
influence the design. 
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This does not suggest any immediate modification of 
the remainder of the organization. Classical functions 
such as aerodynamics, structures, propulsion, electron- 
ics, systems analysis, and engineering test remain 
unchanged. We have merely introduced a situation 
wherein none of these classical functions moves toward 
problem resolution without authoritative monitoring 
by the Director of Engineering’s operational suitability 
staff. 

What, then, are the skills found in the operational 
suitability staff which are not found in the classical 
areas or, when found in the classical areas, are not at 
effective levels of authority? This staff is manned by 
senior engineers and scientists who have placed their 
classical technical background in a subservient role 
and are now responding to knowledge and skills ac- 
quired outside of the immediate design engineering 
arena. These skills have been acquired in the field of 
actual military operation of all types of inhabited air- 
craft and guided missiles, as well as in the field of 
military operations research. Some of the system 
skills from these two broad areas are intelligence, 
reconnaissance, defense, tactical air, strategic air and 
training, logistics, crew systems and human factors, 
communications, air traffic control, navigation, meteor- 
ology, geophysics, ground support equipment, sta- 
tistics, economics, social sciences, and others. 

How do we integrate this imposing array of skills 
at design board level? First, we need leverage on the 
engineer, a modus operandi that is impersonal and com- 
pletely objective. We want the engineer to appreciate 
not only that he is being helped but that, indeed, he 
cannot forever wiggle off the hook on the grounds that 
classical precept has been violated. 

The modus operandi of the operational suitability 
staff is to ensure that each act of design takes place in 
an “operational engineering laboratory’? and that all 
designs reflect due consideration of ‘‘operational time 
and motion’’ limitations. Time and motion in the 
user's operational environment—this is the key and, 
in fact, the missing conceptual link in maturing our 
aeronautical technology. 

At this point, let me illustrate what I mean by 
placing a mature, traditionally backgrounded engineer 
at the preliminary design board. Let us assume that 
he is going to design a prototype of a new 1,000-knot, 
all-weather interceptor—an interceptor which will 
operate in the total weapon system environment as 
modeled in the operational engineering laboratory. 
Remember that, while the engineer will have all the 
assistance he needs, this assistance will be strictly 
air operations oriented. All major design decisions— 
and most of the detail decisions, for that matter—will 
be impersonally referred by time and motion in the 
operational environment. With this in mind, let us 
consider the highlights of a conceptual design effort. 

First, from his many years of experience and desigt 
judgment, our engineer drafts a qualitative sketch of 
the geometry of the overall airplane. His first sketch 
is a roughhewn cut, so to speak, of an all-weather 
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interceptor that will meet performance requirements. 
Now, traditionally, we would find the aerodynamics 
department rushing in at this point to shave our rough- 
hewn cut of an airplane down to a sleek, maximum 
performance envelope. We have agreed, however, 
that we want operational suitability just as much as 
we want performance, and you cannot have both if 
aerodynamic refinement occurs early in design. So, 
we direct our engineer to make an immediate departure 
from tradition. 

Drawing on the skills in the operational suitability 
staff and utilizing the facilities of the operational en- 
gineering laboratory, our engineer will, in effect, ‘‘fly” 
his roughhewn design in making a time and motion 
schedule for each succeeding design refinement. 

One of the design parameters our engineer must have 
in the back of his mind all the way through the design 
effort is aerodynamic stability. Top performance and 
operationally suitable aerodynamic stability are not 
always compatible. Therefore, since stability will be 
a major influence in the initial shaping of our rough- 
hewn design, our first time and motion effort will be 
aimed toward an appropriate aerodynamic stability 
parameter. 

Since this is our classically backgrounded engineer’s 
departure from the traditional design approach, the 
operational suitability staff will first guide him in con- 
trasting the company’s experimental test environment 
with the military user’s operational environment. 
Since the time and motion factor has never been critical 
in the company’s flight environment, this comparison 
will give the engineer a feel for the scope of time and 
motion as a prime design factor. The factors in this 
comparison may be listed as follows: 

(1) The company’s experimental test pilot has a 
flight scramble time of anywhere from 3 hours to 3 
days... . The military pilot has a flight scramble time 
of only 3 min. 

(2) The company pilot taxis out singly with much 
time and room for lateral motion on the taxiways. . . . 
The military pilot taxis out with other fighters, hur- 
tiedly, with little time and highly restricted lateral 
motion on the taxiways. 

(3) The company’s experimental test pilot swings 
onto a 7-mile runway after spending ample time getting 
ready for take-off; ceiling and visibility are unlimited 
and the sun is shining brightly. . . . The military pilot 
iscleared with virtually no readiness time onto a 1-mile 
tunway; ceiling is 500 ft., visibility 1 mile with light 
rain, and it is night. 

(4) The company pilot, with a physical dexterity 
and mental facility born of several thousand flying 
hours, leisurely takes off into the bright sunshine. . . . 
The military pilot, often with only a few hundred hours 
of experience at his disposal, charges off into the 
night and, with no time for contemplation, is imme- 
diately engulfed in the overcast. 

(5) The company pilot is at 10,000 ft., 7 miles of 
Tunway lie in plain sight over his left shoulder. ‘‘What’s 
this? Tip tanks not feeding? Well!’ He will have 


to abort the flight. A leisurely pass over the field, 
a wide sweeping pattern—‘‘No use crowding the 
pattern,’ he says to himself. ‘‘This isn’t necessarily 
a delightfully stable thing with landing gear, fairing 
doors, and stuff hanging out the bottom. Better not 
let too much time go by on gear extension either— 
that aft retracting nose gear is a little slow on exten- 
sion.”’ So, with a long, straight-in approach and 
adequate speed to work with, a casual landing is made 
half-a-mile down a dry, 7-mile runway. This is a 
flight in the company’s test environment. . . .Let us 
look in again on our military pilot. He has just broken 
out on top at 10,000 ft., the moon is shining brightly, 
and he has drawn a deep breath of relief, for he plans 
to use a clear-weather alternate base after he completes 
his mission. ‘‘What’s this? Tip tanks not feeding?” 
The mission will have to be aborted. At this point 
it is unfortunate that a minute is only 60 sec. long, for 
our military pilot will now be asked to do more things 
per minute than he is consistently able to do. And he 
is flying only a subsonic jet fighter. 

Since he is aborting the flight under night-instrument 
conditions, his first step is to continue his climb-out 
on a predetermined course. He contacts the tower, 
reports conditions, and requests landing. instructions. 
He then handles the following sequence of events: 
He contacts approach control, assimilates instructions, 
requests ground controlled approach, intercepts out- 
bound track, and turns to outbound heading. He 
levels off at 20,000 ft., trims aircraft, reduces power. 
He turns left 90°, rolls into 270° right turn, and inter- 
cepts inbound track. At marker he applies 60 per 
cent power, contacts approach control, and assimilates 
further instructions. He extends dive flaps; at 180 
knots, he puts wheels down, puts flaps down, and 
establishes 160-knot descent. At 10,000 ft. he starts 
180° turn, contacts approach control, and assimilates 
instructions. He contacts traffic controller and as- 
similates further instructions. He puts gear up, 
flaps up at 1,000 ft. above desired altitude, dive flaps 
in at 200 ft. above desired altitude. He levels off, 
adds power, intercepts inbound heading, turns to 
heading given by traffic controller. He turns down- 
wind, executes prelanding check: gear down, part 
flaps, green lights, pressure up. He turns onto base, 
contacts final controller, lets down 500 ft. He turns 
onto final, adjusts to descent speed, receives final in- 
structions. At glide path, he reduces power, drops 
nose, makes corrections in glide slope, makes correc- 
tions in azimuth. On sighting field, he turns on landing 
lights, extends full flaps, extends dive flaps, estab- 
lishes sink rate, rounds off late, touches down hard, 
and stops gingerly on the far end of the wet runway. 
This time he makes it. Fortunately, he gets away 
with several errors which occur as natural by-products 
of a “‘time saturated”’ operational environment. 

To summarize the flight: In the brief period of time 
allotted for these fifty or so events, our military pilot 
will have checked his instruments at a rate of nearly 
200 per min. In the presence of rain, air turbulence, 
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and darkness, he will have interpreted these readings 
and applied control forces for definite corrections in 
flight path and attitude at a rate of about 50 per min. 
He will have responded to, actuated, or concerned 
himself with over 200 cockpit instruments, indicators, 
levers, and switches found in this particular jet air- 
craft. At the point he stops his aircraft and clears 
the runway, he will have made over 1,000 major and 
minor decisions and 2,000 lever, switch, and control 
actuations or deflections, all compacted within an 
uninterruptible segment of time, at night and in weather. 

Following this comparison of company and military 
flight environments, our engineer is now pretty well 
conditioned to talk about the 3,000 Air Force accidents 
that resulted from unsafe acts of pilots. He is advised 
that these 3,000 accidents occurred only since January, 
1954, and that most of these accidents occurred under 
conditions far less difficult than those just described. 
Since our first design refinement step is to generate an 
adequate aerodynamic stability parameter, our engi- 
neer is particularly impressed with the fact that, among 
the cause factors, the highest percentage of accidents 
occurred as a result of incomplete piloting in the landing 
pattern. Obviously, a result of time saturation. We 
are making headway. Our design engineer is now 
asking operational questions. He wants to 
why we placed emphasis on “‘night’’ and ‘‘weather”’ 
in our comparison of operating environments. The 
operational suitability staff hastens to point out that 
each act performed by the pilot at night requires an 
extra increment of time. If low ceilings and rain or 
snow are present, we add still another increment of time 
for each act, pointing out that night and weather 
factors induce a significant perceptual lag in the human 
perception-response time sequence. While these extra 
increments of operational time are often in seconds and 
microseconds, our flight environment discussion tells 
us that these time increments are cumulative at a 
terrific rate. In short, the military pilot must have 
at his disposal, among many things, a degree of in- 
herent aircraft stability that will see him through a 
staggering burden of operational decision and execu- 
tion. 

Our design engineer is convinced. We have authori- 
tatively and painstakingly educated him to the true 
depth of his design problem. 

He now introduces into our hypothetical design of a 
new all-weather interceptor a degree of inherent sta- 
bility that will free the pilot of having to forfeit an 
excessive portion of his precious operational time to the 
preservation of flight equilibrium. Our engineer is 
now beginning to understand the absoluteness of time 
and motion in the operational environment. 
to appreciate time as a solid, so to speak—an opera. 
tional time block capable of containing only a limited 
number of orderly events. In designing to a higher 
performance regime, the analogy of time as a solid 
tells the engineer that significant increases in rate of 
climb and speed actually seek to compress the opera- 
tional time block. The operational time block, of 


know 


He begins 
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course, cannot be compressed—it can only be relieved, 
In other words, since our current design practices are 
without operational time and motion control, each 
succeeding generation of higher performance aircraft 
imposes upon the military pilot more things to do and 
less time to do them—and we are already virtually at 
saturation. Go a step further in our study of “‘opera- 
tional time’’ versus ‘‘aerodynamic stability,’’ and it 
becomes clear that each increase in performance 
regime carries with it an engineering obligation for an 
increase in inherent aerodynamic stability. Since 
the opposite of this is current practice and since I do 
not wish to skid off into a power requirement argument 
at this point, let us for now set aside this aspect. 

As discussed, we have designed into our hypothetical 
interceptor an operationally suitable level of inherent 
stabilty, a level of stability that can be introduced 
only during the conceptual phase of design. Such a 
level of stability would not be feasible were we to at- 
tempt to introduce it as a result of Air Force operational 
suitability tests conducted later in the program. 

At this point we have fairly well established the 
basic shape of our new 1,000-knot interceptor. To the 
distress of the aerodynamics department, we added, 
among other things, a few feet of wing span in achieving 
our high degree of inherent stability. The aerody- 
namics department would like to argue this point, 
but we are not yet ready for aerodynamic refinement. 
We still have several major design decisions to make, 
decisions which, again, will be controlled by operational 
time and motion. 

Now that we have a feel for time and motion asa 
major design influence, I shall cover briefly several 
design considerations and then offer a few concluding 
remarks. 

Landing gear design, while a somewhat more local- 
ized consideration than stability, is nonetheless a 
major factor in refining still further the basic shape of 
the airplane. We earlier referred to the military 
pilot’s short scramble time, short taxi time, and con- 
fined taxiways. We also implied the hard, runway- 
consuming landings to be associated with rapid-fire 
pilot decisions on a night-weather time and motion 
schedule. In translating these time considerations 
into a landing gear design that will further relieve the 
operational time block, we first examine, from January, 
1954, over 300 Air Force accidents that occurred as a 
direct result of failure or malfunction of the landing 
gear system. 

Starting with the nose gear, detail study indicates 
that excessive operational extension time on aft re- 
tracting nase gears has occasioned many of these ac- 
cidents. We decide immediately that in the design of 
our new interceptor, the nose gear should retract 
forward. We also decide on high ratio nose gear steer- 
ing in order to facilitate short-time, accident-free, forma- 
tion taxiing. 

We note further that nose gear failures nearly double 
the failure of main gears. Of course, we immediately 
agree with the structures department that we cannot 
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pay the weight penalty that would be associated with a 
failureproof landing gear; but we are not asking this. 
We ask our engineer only that he design a nose gear 
that will fail no more often than the main gear and that 
we stop treating the nose gear as an auxiliary gear— 
which it is not! 

Next, brakes, wheels and tires, and fairing doors. 
Our Air Force accident record places inadequate 
fairing doors, inadequate tires, and inadequate brakes at 
the top of the cause factor list in landing gear accidents. 
So our engineer designs into the landing gear system 
a reduction in the operational time required to stop 
the airplane. Notwithstanding such primitive devices 
as drag parachutes, this still means larger wheels, 
tires, and brakes. 

Yes, an operationally adequate design job on the 
landing gear system will increase the overall bulk of 
the gear, and, again, we disturb the aerodynamics 
department. However, we are still not quite ready for 
aerodynamic refinement. So, with our need for larger 
wheels, tires, and brakes; wide tread, simplicity of 
design, supersimple fairing doors; and minimum ex- 
tend-and-lock time, we mount a forward-retracting 
main gear in flush-mounted external-stores pods. 

At this point, we check with our design engineer’s 
assistant who, with the help of the operational suita- 
bility staff, has been working out fuselage space re- 
quirements. Again, as in the preceding examples, 
operational time and motion was the referee; military 
operational records the design catalyst. He has se- 
lected the propulsion system components and has de- 
termined overall functional system space allocations, 
as well as cockpit space allocation. 

Incidentally, I passed rather lightly over cockpit 
design. While this is one of my favorite subjects, 
it is one of the less difficult time and motion design 
problems. I therefore elected not to risk narrowing 
the scope of our time and motion concept. The time 
and motion technical decision process is applicable 
not only to details but to major decisions on total 
weapon system concepts. At best, only the highlights 
of one element of a total problem could be described 
here. 


Thus, for purposes of this description, we have com- 
pleted the basic design of our new 1,000-knot inter- 
ceptor. More than this, the design has been concep- 
tually secured on an operational time and motion basis. 
With this, we turn the design over for aerodynamic 
refinement and other classical treatment. The opera- 
tional suitability staff at this point assumes a monitoring 
and support role. 


CONCLUSION 


I suggest we observe the general reaction to last 
spring’s reports of how the Russians have shortened 
the development cycle far beyond America’s expecta- 
tions. I shall not attempt to speculate on Soviet 
technology. I shall, however, express concern over the 
technical community’s reaction to this new point of 
view on the threat. More research was the immediate 
cry. But what kind of research? Performance re- 
search only! Boundary-layer control, high-tempera- 
ture effects on structures, specialized power plants, 
high resolution radar, solid-state physics, and the like— 
all important, yes, but grossly inadequate insofar as 
realignment of the development cycle is concerned. 
No significant research has been aimed toward the 
conservation of operational and engineering manpower 
or toward greater orderliness in the technical decision 
process. 

Disturbingly enough, this is only too indicative of 
the urgency of the concept outlined here. The pure 
performance emphasis that permeates our aeronautical 
technology should not continue. 

A plan has been offered: Technical decision via 
the measuring of time and motion in the user’s operational 
environment. This is a true panacea. Flying safety, 
operational suitability, weapon system integration, and 
task-force readiness are inherent in this plan. This 
is a plan for a marriage of two divergent time phil- 
osophies—the meditative, casual concept of time enter- 
tained by the aeronautical engineering people and the 
immediate, decide-or-die concept of time held by the 
military operational people. Time is an impersonal, 
God-given instrument for orderliness. We need only 
respond. 
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and darkness, he will have interpreted these readings 
and applied control forces for definite corrections in 
flight path and attitude at a rate of about 50 per min. 
He will have responded to, actuated, or concerned 
himself with over 200 cockpit instruments, indicators, 
levers, and switches found in this particular jet air- 
craft. At the point he stops his aircraft and clears 
the runway, he will have made over 1,000 major and 
minor decisions and 2,000 lever, switch, and control 
actuations or deflections, all compacted within an 
uninterruptible segment of time, at night and in weather. 

Following this comparison of company and military 
flight environments, our engineer is now pretty well 
conditioned to talk about the 3,000 Air Force accidents 
that resulted from unsafe acts of pilots. 
that these 3,000 accidents occurred only since January, 
1954, and that most of these accidents occurred under 
conditions far less difficult than those just described. 
Since our first design refinement step is to generate an 
adequate aerodynamic stability parameter, our engi- 
neer is particularly impressed with the fact that, among 
the cause factors, the highest percentage of accidents 
occurred as a result of incomplete piloting in the landing 
pattern. Obviously, a result of time saturation. We 
are making headway. Our design engineer is now 
asking operational questions. He wants to know 
why we placed emphasis on ‘night’? and “‘weather’’ 
in our comparison of operating environments. The 
operational suitability staff hastens to point out that 
each act performed by the pilot at night requires an 
extra increment of time. If low ceilings and rain or 
snow are present, we add still another increment of time 
for each act, pointing out that night and weather 
factors induce a significant perceptual lag in the human 
perception-response time sequence. While these extra 
increments of operational time are often in seconds and 
microseconds, our flight environment discussion tells 
us that these time increments are cumulative at a 
terrific rate. In short, the military pilot must have 
at his disposal, among many things, a degree of in- 
herent aircraft stability that will see him through a 
staggering burden of operational decision and execu- 
tion. 

Our design engineer is convinced. We have authori- 
tatively and painstakingly educated him to the true 
depth of his design problem. 

He now introduces into our hypothetical design of a 
new all-weather interceptor a degree of inherent sta- 
bility that will free the pilot of having to forfeit an 
excessive portion of his precious operational time to the 
preservation of flight equilibrium. Our engineer is 
now beginning to understand the absoluteness of time 
and motion in the operational environment. 
to appreciate time as a solid, so to speak—amn opera- 
tional time block capable of containing only a limited 
number of orderly events. In designing to a higher 
performance regime, the analogy of time as a solid 
tells the engineer that significant increases in rate of 
climb and speed actually seek to compress the opera- 
tional time block. The operational time block, of 
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course, cannot be compressed—it can only be relieved. 
In other words, since our current design practices are 
without operational time and motion control, each 
succeeding generation of higher performance aircraft 
imposes upon the military pilot more things to do and 
less time to do them—and we are already virtually at 
saturation. Go a step further in our study of ‘‘opera- 
tional time’ versus ‘‘aerodynamic stability,’ and it 
becomes clear that each increase in performance 
regime carries with it an engineering obligation for an 
increase in inherent aerodynamic stability. Since 
the opposite of this is current practice and since I do 
not wish to skid off into a power requirement argument 
at this point, let us for now set aside this aspect. 

As discussed, we have designed into our hypothetical 
interceptor an operationally suitable level of inherent 
stabilty, a level of stability that can be introduced 
only during the conceptual phase of design. Such a 
level of stability would not be feasible were we to at- 
tempt to introduce it as a result of Air Force operational 
suitability tests conducted later in the program. 

At this point we have fairly well established the 
basic shape of our new 1,000-knot interceptor. To the 
distress of the aerodynamics department, we added, 
among other things, a few feet of wing span in achieving 
our high degree of inherent stability. The aerody- 
namics department would like to argue this point, 
but we are not yet ready for aerodynamic refinement. 
We still have several major design decisions to make, 
decisions which, again, will be controlled by operational 
time and motion. 

Now that we have a feel for time and motion as a 
major design influence, I shall cover briefly several 
design considerations and then offer a few concluding 
remarks. 

Landing gear design, while a somewhat more local- 
ized consideration than stability, is nonetheless a 
major factor in refining still further the basic shape of 
the airplane. We earlier referred to the military 
pilot’s short scramble time, short taxi time, and con- 
fined taxiways. We also implied the hard, runway- 
consuming landings to be associated with rapid-fire 
pilot decisions on a night-weather time and motion 
schedule. In translating these time considerations 
into a landing gear design that will further relieve the 
operational time block, we first examine, from January, 
1954, over 300 Air Force accidents that occurred as a 
direct result of failure or malfunction of the landing 
gear system. 

Starting with the nose gear, detail study indicates 
that excessive operational extension time on aft re- 
tracting nase gears has occasioned many of these ac- 
cidents. We decide immediately that in the design of 
our new interceptor, the nose gear should retract 
forward. We also decide on high ratio nose gear steer- 
ing in order to facilitate short-time, accident-free, forma- 
tion taxiing. 

We note further that nose gear failures nearly double 
the failure of main gears. Of course, we immediately 
agree with the structures department that we cannot 
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pay the weight penalty that would be associated with a 
failureproof landing gear; but we are not asking this. 
We ask our engineer only that he design a nose gear 
that will fail no more often than the main gear and that 
we stop treating the nose gear as an auxiliary gear— 
which it is not! 

Next, brakes, wheels and tires, and fairing doors. 
Our Air Force accident record places inadequate 
fairing doors, inadequate tires, and inadequate brakes at 
the top of the cause factor list in landing gear accidents. 
So our engineer designs into the landing gear system 
a reduction in the operational time required to stop 
the airplane. Notwithstanding such primitive devices 
as drag parachutes, this still means larger wheels, 
tires, and brakes. 

Yes, an operationally adequate design job on the 
landing gear system will increase the overall bulk of 
the gear, and, again, we disturb the aerodynamics 
department. However, we are still not quite ready for 
aerodynamic refinement. So, with our need for larger 
wheels, tires, and brakes; wide tread, simplicity of 
design, supersimple fairing doors; and minimum ex- 
tend-and-lock time, we mount a forward-retracting 
main gear in flush-mounted external-stores pods. 

At this point, we check with our design engineer’s 
assistant who, with the help of the operational suita- 
bility staff, has been working out fuselage space re- 
quirements. Again, as in the preceding examples, 
operational time and motion was the referee; military 
operational records the design catalyst. He has se- 
lected the propulsion system components and has de- 
termined overall functional system space allocations, 
as well as cockpit space allocation. 

Incidentally, I passed rather lightly over cockpit 
design. While this is one of my favorite subjects, 
it is one of the less difficult time and motion design 
problems. I therefore elected not to risk narrowing 
the scope of our time and motion concept. The time 
and motion technical decision process is applicable 
not only to details but to major decisions on total 
weapon system concepts. At best, only the highlights 
of one element of a total problem could be described 
here. 
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Thus, for purposes of this description, we have com- 
pleted the basic design of our new 1,000-knot inter- 
ceptor. More than this, the design has been concep- 
tually secured on an operational time and motion basis. 
With this, we turn the design over for aerodynamic 
refinement and other classical treatment. The opera- 
tional suitability staff at this point assumes a monitoring 
and support role. 


CONCLUSION 


I suggest we observe the general reaction to last 
spring’s reports of how the Russians have shortened 
the development cycle far beyond America’s expecta- 
tions. I shall not attempt to speculate on Soviet 
technology. I shall, however, express concern over the 
technical community’s reaction to this new point of 
view on the threat. More research was the immediate 
cry. But what kind of research? Performance re- 
search only! Boundary-layer control, high-tempera- 
ture effects on structures, specialized power plants, 
high resolution radar, solid-state physics, and the like— 
all important, yes, but grossly inadequate insofar as 
realignment of the development cycle is concerned. 
No significant research has been aimed toward the 
conservation of operational and engineering manpower 
or toward greater orderliness in the technical decision 
process. 

Disturbingly enough, this is only too indicative of 
the urgency of the concept outlined here. The pure 
performance emphasis that permeates our aeronautical 
technology should not continue. 

A plan has been offered: Technical decision via 
the measuring of time and motion in the user’s operational 
environment. This is a true panacea. Flying safety, 
operational suitability, weapon system integration, and 
task-force readiness are inherent in this plan. This 
is a plan for a marriage of two divergent time phil- 
osophies—the meditative, casual concept of time enter- 
tained by the aeronautical engineering people and the 
immediate, decide-or-die concept of time held by the 
military operational people. Time is an impersonal, 
God-given instrument for orderliness. We need only 
respond. 


Member Price, $3.50 


New Auailalle 


Proceedings of the Second National Turbine-Powered Air Transportation Meeting 
Seattle, Wash.—August 8-10, 1955 


Contains papers presented at this meeting, complete with figures and illustrations. 


Copies may be obtained by writing to: Publications Department, Institute of the Aeronautical Sciences, Inc., 
2 East 64th Street, New York 21, N.Y. 


Nonmember Price, $6.00 


| 


A compromise approach to the 
question of analog vs. digital 
methods of computation. 


Operational Digital Techniques for 


Special Purpose Computers 


INTRODUCTION 


ene DIGITAL is a term used in referring to 
the use of unitized pulses to represent variables in 
control and computational systems. Normally, in these 
systems, a.c. or d.c. voltages are used as analogs of a 
physical quantity, thus giving rise to the term ‘‘analog”’ 
computers. Operational methods are in essence analog 
techniques wherein pulses are used to convey a certain 
value of the quantity to be synthesized. The advan- 
tages of such a method are obvious. The use of unitized 
pulses makes it possible for a system designer to select 
a value to be assigned to each pulse. This value can be 
chosen for the appropriate system resolution. For ex- 
ample, in a system where velocity is to be used, a pulse 
can be chosen to represent a unit of length, say 0.1 
miles. Then, to instrument a velocity of 100 m.p.h., 
a pulse rate of 1,000 pulses per hour can be established, 
and all the necessary manipulations required can be 
performed on this pulse rate. The obvious require- 
ments to make use of such a method are the components 
to add, subtract, integrate, etc., or perform other com- 
putations on the variable. In the discussion to follow, 
the various components are described. 

Several advantages are realized in using the tech- 
niques described here. The most important, of course, 
is the possibility of maintaining accuracy throughout a 
system. Once a system accuracy has been chosen, the 
number of digits to be used throughout the system can 
be chosen for that accuracy. This leaves the accuracy 
independent of the components within the system. 

By the very nature of a pulse system, integrators can 
be constructed to have any range while maintaining 
their resolution. In other words, there are no ‘‘dead 
bands’”’ at low levels of integrated value such as is com- 
mon in various analog devices. Each pulse arriving at 
the integrator contributes the same amount to the 
integrated value independent of the status of the 
integrator. 

Important in maintenance and checking is the ability 
to determine easily the system operation. Since pulse 
rates are flowing within the system, the main test 
equipment required is an Eput meter or its equivalent. 
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Visual displays on neons or other devices are easily in- 
corporated for quick evaluation of system operation. 


Needless to say, one of the most important considera- | 
tions in choosing a method of accomplishing a given 


task is the cost in equipment and dollars. 


sideration is particularly important when a system} 


such as described here is to be used in place of a more 
conventional analog method. There is no doubt that 
a crossover in price exists between these operational 
digital techniques and analog methods. The variable 
involved in determining this crossover is the desired 
accuracy. There is, of course, no well-defined point 
where such a crossover can be placed, but it is the feel- 
ing here that these digital methods become competitive 
at accuracies on the order of 1 per cent and no doubt at 
0.1 per cent. 

One area that seems to be taking on a greater impor- 
tance is that of recording many data involved in com- 


puters, control processes, etc. This recording ability is 


particularly desirable in training devices where a train- | 


ing situation must be recorded for future study and 
evaluation of a trainee’s performance. Using the 


plished on magnetic tapes or drums, typewriters, etc., 
so that playback is not a problem as compared to the 
use of analog systems and their associated recording 
methods. In many instances, it is possible to record a 
particular situation for training purposes so that this 


situation can be played back for presentation of com- 


plex training exercises. 


There are disadvantages in using these techniques, 
probably the most serious one being the very fact that | 


all variables are permitted only discrete steps which in 
some instances is unsuitable for human consumption. 
This is true since most of the quantities represented in 
these applications are smooth and continuous by na- 
ture. There are two general ways of overcoming this 
disadvantage. The first is to choose steps so fine that 
they are beyond human perception; the other is to use 
some smoothing action on the particular output. 
Generally speaking, no consideration of these discrete 
steps is required if the data are to be used for something 
other than a displayed quantity. 

One feature that makes these techniques directly 
competitive with analog methods is their ability to 
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sompute in real time. The disadvantage of using digital 


computer techniques is the need for a great number of 


repeated calculations in which data are transferred to 
and from memory and arithmetic units, thus losing the 
real time concept. In operational digital, the data 
flow is exactly that of an analog mechanization in that 
analogous time constants can be built in and scaled if 
desired. There is no memory device nor arithmetic 
unit as such. 

The logical design of a system is also exactly that used 
in pure analog instrumentation. A designer need only 


| know the nature of the various components to design a 
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system from a logical point of view. 

The discussion to follow is (1) an explanation of some 
of the various components presently available and (2) 
a discussion of some applications of these techniques. 


Basic COMPONENTS 


Pulse Sources 


The first requirement for using unitized pulse sys- 
tems is a source of pulses for use in various places in the 
system. Obviously, any form of oscillator may be used. 
In many instances, when a high degree of accuracy is 
required, a crystal oscillator can be used. At low fre- 
quencies, tuning fork oscillators are useful. In some 
instances, for extremely slow pulse rates, special timing 
motors can be used to yield pulses with extremely long 
periods. 

In many cases, a variable pulse rate is required. 
[here are two basic ways to achieve this. One way is 
to make the actual oscillator frequency vary, while the 
other is to select the proper combination of a previously 
generated pulse rate. 

There are several methods of making variable fre- 
One method is to use an RC 


the frequency at which the phase shift is 180 deg. 
This variable resistor can be a potentiometer or a 
vacuum tube using plate resistance. Wein bridge oscil- 
lators are also useful in this application. Another ex- 
tremely useful variable oscillator is one using a tank 
where the inductive element in the tank is varied by 
One commercial de- 


The use of selected combinations of fixed pulse rates 
is accomplished by means of a binary multiplier, as 
described in the following discussion. 


Binary Multipliers 


The most useful component in systems such as those 
to be considered here is the binary multiplier. The 
logical structure of such a device is shown in Fig. 1. 
The inputs to this unit are a frequency label V and a 
parallel binary number labeled X. The frequency is 
introduced into a magnetic binary counter shown with 
seven stages. The outputs of each of the seven stages 
isa pulse rate labeled as V/2, V/4, etc. These pulses 
are time separated from each other. Each of the pulse 
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lines are led into gates G, which are open or closed as 
dictated by the parallel binary number X. For ex- 
ample, if the number X were 5/8, then the pulse rates 
V/2 and V/8 would be passing through the appropriate 
gates to the output. The output is a single line onto 
which are mixed the various selected pulse rates. The 
mixing is accomplished using a single diode from each 
line into a common load resistor. The details of the 
simplest gating method are also shown in Fig. 1. 

As shown in Fig. 1, seven stages are used so that any 
product between 0 and 1 can be obtained with a 
precision of 1 part in 128 as the worst case. If a greater 
precision is required, more stages can be added to the 
magnetic counter, and of course more digits must be 
made available in the quantity X. 

The counter, of course, is the device that limits the 
maximum pulse rate that can be used. At present, 
magnetic binary counters are available up to pulse 
rates of 1 mc. Above this rate, a few stages of electronic 
counter can be used for the high-frequency front end 
stages and the magnetic type for the remaining stages. 


Binary Divider 


Once a multiplier is available, a divider can be con- 
structed by using an implicit solution. Fig. 2 indicates 
the block diagram of such a divider. The desired quo- 
tient is X/Y. In this case, X¥ and Y are shown as 
parallel binary numbers. Using binary multipliers as 
previously discussed plus a forward-backward register, 
the desired solution can be instrumented. 

It is interesting to consider the transient behavior 
of such a closed loop system. The value Z(t) at any 
time in the forward-backward register can be written 


ty t 
X YfZ(t) 
Z(t) = u dt — f dl (1) 
Qn pn 

where is the number of binary digits. Taking a de- 

rivative, Eq. (1) can be expressed as 

dZ(t) Xf 
— Z(t) =0 (2) 

dt 2" 2" 

The solution of Eq. (2) after solving for the general 
constants of integration assuming at ¢ = 0, Z(t) = 
Z(0), is 

2}—~3} {4} 17) 
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REGISTER 


BINARY DIVIDER 


POLARITY 
dx 


= at — [1 2 (3) 


As was obvious by the form of the differential equa- 
tion, this response is mathematically identical to the 
charging of a condenser which can have some initial 
charge on it. The equivalent time constant is, from the 
exponential of Eq. (3), 2"/ Yf. 

From this it is seen that the equivalent time constant 
can be reduced by increasing the frequency but is in- 
creased by increasing ”, the number of digits used. 


Integrators 


In a great many instances, the process of integration 
is required. In the case of unitized pulse methods, 
integration is simply the accumulation of all incoming 
pulses. These pulses of course must also have a polarity 
associated with them to indicate an increase or decrease 
of the integrated quantity. This process then is simply 
a summing process carried on over a period of time. 

An integrator can consist of several forms depending 
on the desired output. A forward-backward register 
as shown in the divider is essentially an integrator. In 
the case of the divider, it is an electronic reversible 
counter. The output then is a parallel binary code. A 
precision resistor network can be used to convert the 
digital data to a voltage. 

In some cases, a shaft position must be created as 
the output. In such instances, the pulses are fed into 
a rotary solenoid which turns the output shaft the 
equivalent value of one pulse. The solenoid structure 
is such that the output shaft is detented and thus must 
assume discrete steps in the same sense that a counter 
assumes only discrete values. 

Obviously, the conversion from the shaft position to 
a voltage can be accomplished using a potentiometer. 


1756 


Mechanical counter displays are easily had using 
these rotary solenoids. Again, since the inputs to these 
counters are discrete, the display counter digits will 
increase or decrease in the same steps. 

The electronic counter integrator is adaptable to high 
pulse rates, while the shaft position output is limited 
to about 60 pulses per sec. In effect, this says that a 
maximum change of 60 least significant digits per sec. 
is permissible, therefore limiting the speed of response 
for high accuracy systems. 


Differentiation 


As in analog methods, if a closed loop type of inte- 
grator is formed, the input to this integrator must then 
be the derivative or rate of change of the involved 
variable. Fig. 3 indicates the method of forming the 
derivative for the quantity X. If X had been directly 
available as a pulse rate, the associated binary multi- 
plier would not be required. 

Obviously, as in the divider, the forward-backward 
counter will come to its steady state when its content Z 
is equal to X. This then is a frequency meter or a pulse 
rate to parallel binary converter. This conversion is 
often required in computing systems for display pur- 
poses or for further computation. 

It should be pointed out that this forward-backward 
counter can be an electronic register or a mechanical 
forward-backward integrator again dependent on the 
incoming pulse rate. 


Resolvers 


In almost all control systems, there arises a need for 
generating the trigonometric functions sine and cosine 
of an angle presented as a shaft position. There are 
several methods of generating these functions from this 
input shaft. 

One method is the use of a mechanical linkage witha 
linear converter driven from a rack. This converter 
can be a linear potentiometer, or it can be a linear 
encoding disk which has some digital code as its output. 

Another method is the use of an encoding disk which 
has the correct code for the function built in. In this 
way, the mechanical equipment is not required, but 
added complexity in the disk increases its cost. 

Once the values of sine or cosine are available as 
parallel numbers, it is only necessary to use this number 
with a binary multiplier to create a pulse rate propor- 
tional to the desired function. 

One other method of generating these common func- 
Fig. 4 indicates 
a method of generating the sine and cosine functions of 
a continuously rotating shaft such as a radar antenna. 
Some form of pickup is made available such that at each 


tions is the use of an implicit solution. 


increment of angular rotation a pulse is generated to 
represent the change in the angle X. 
pulses are introduced into binary multipliers as shown. 
The end result is the implicit solution of the two equa- 
tions shown in Fig. 4. 

To ensure no accumulative errors, the rotating mem- 
ber can have another track for generating pulses at 90 
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deg. intervals. At each of these intervals, the sine and 
cosine registers are cleared to either 1 or 0 as the case 
may be. 


Function Generators 


Generation of various functions can be accomplished 
in several ways. One common way is to use functional 
potentiometers or function discs when the input vari- 
able is a shaft position. 

Another extremely useful function generating device 
isa diode matrix. Of course, this matrix requires digital 
input and yields digital output. In many instances, it is 
sound to perform a linear conversion to digital form 
and then use a diode matrix to generate the desired 
function. 

The output of a diode matrix can be directly used to 
perform the gating in a binary multiplier. 


Synchronizing 


Often in pulse circuitry it is desirable to synchronize 
a randomly timed pulse with a standard or clock pulse. 
This implies a device that receives a pulse at a random 
time and stores it until the clock pulse reads it out. 

This synchronizing action can be had using one mag- 
netic core and one double triode tube. 


Converters 


One important area in the use of digital systems is 
that of conversion from analog to digital, and the re- 
verse. In order to justify the use of digital systems, the 
cost of making input data available in digital form 
must not be elevated beyond reason. 

Several methods exist for converting from shaft 


positions to digital form. Some of these have already 
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been discussed above, in particular the use of encoding 
discs. This method is generally the most straightfor- 
ward and usually is economically justifiable. 

Other methods are the accumulation of incremental 
pulses as described in the considerations of the sine- 
cosine generator. 

The conversion from d.c. voltage to digital is often 
required, and many equipments have been proposed 
and used. In general, it appears that a closed loop 
system with a comparator is the most versatile, as well 
as the most accurate and reliable. In this type, a 
digital register is used to contain a digital representation 
of the voltage. The register contents are converted to 
a voltage so that this voltage can be compared to the 
voltage to be measured. The results of the comparison 
are used as an error signal to actuate the digital register 
in such a manner as to cause the error to approach zero. 

It is important to note that in using the closed loop 
converter, the conversion from digital to analog is easily 
accomplished. 


APPLICATIONS 


The systems and components described above present 
no severe limitations as to where they may be applied. 
The discussion following is intended to demonstrate 
some successful applications of the techniques and 
components previously discussed. In some instances, 
the applications have been in air-borne equipment, 
while others have been in high-temperature test fa- 
cilities. 


Navigational Computation 


A simplified navigational computer is shown in Fig. 
5. This demonstrates the basic quadrature multiplica- 
tion and then integration as required to display present 
position. The blocks labeled FB indicate a forward- 
backward mechanical drive for display on standard 
counters. One advantage here is the long distance pos- 
sible for the lines to the display point. These lines need 
only carry a pulse of current whenever the counter 
must turn one increment, and the impedance is of no 
concern since it is very low to any pick up noise. 


Digital Servo 


The situation often arises where a shaft position is 
to be created as the direct representation of a d.c. 
voltage level. Obviously, there are many ways to 
achieve this desired instrumentation. The diagram of 
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Fig. 6 indicates a method of using proportional control 
with operational digital methods. The key to the entire 
loop is the magnetic comparator. This device is an 
extremely stable and sensitive comparator which yields 
a constant frequency whenever the two input d.c. levels 
are not equal. The phase of this output signal indicates 
which d.c. level is larger. The phase is detected in the 
block labeled D whose output is used to control the 
polarity of the reversible mechanical drive FB. The 
amplitude of the error signal is used to open a gate G 
and to control the frequency of the oscillator. When- 
ever a large error exists, the frequency is increased to 
increase the rate of response of the loop. As soon as 
the comparator output falls below a certain level, the 
gate closes, and the frequency drops to its lowest value 
and the loop is stable. 


Footage Counter 


Many industrial applications present themselves 
wherein it is desirable to display accurately the footage 
of material passing a certain point. In many of these 
instances, it is necessary to count shaft revolutions and 
apply a scale factor to the number of revolutions to 
display a count in feet, inches, yards, etc. 

This can be easily accomplished by using a pulse 
pickup from the shaft and a binary multiplier to apply 
the scale factor. By the use of either a prewired switch 
or an encoding disk, any desired scale factor can be 
applied. 


DIFFERENTIAL EQUATIONS 


Since the components involved in the techniques de- 
scribed here are essentially the same components as 


found in analog systems, the solution of differential 
equations are straightforward. In fact, for purposes of 
differential equation solutions, a plug board type of 
computer is easily available. These techniques have 
been employed to some degree on digital differential 
analyzers. 

A simple block diagram illustrating the solution to a 
particular nonlinear differential equation is shown in 
Fig. 7. The quantities involved are all components as 
described in the preceding discussion. For use in appli- 
cations such as operational flight simulators, this type 
of instrumentation with a storage device and program- 
ing equipment would be applicable. 


CONCLUSIONS 


In summary, the effort here has been to describe 
what is believed to be a rather different approach to 
some quite common computer applications. In general, 
it appears that the techniques described are somewhat 
of a combination of analog and digital methods. It is 
hoped that these techniques can be submitted as a com- 
promise approach in the running battle between analog 
and digital systems. 
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ducing hazards of combat through 
revolutionary training methods which 
he instigated and perfected, he headed 
the Division of Special Devices and later 
was Deputy Chief of the Office of Naval 
Research. 

In 1944, Admiral de Florez received 
the Collier Trophy ‘‘for his contribution 
to the safe and rapid training of combat 
pilots and crews.” 


Guggenheim Fellowships Open 


The Daniel and Florence Guggen- 
heim Foundation, New York, has an- 
nounced it will select candidates by 


IAS NEWS 


April 1 for its 1956 Fellowships in Jet 
Propulsionand Flight Structures. Eight- 
een to 20 Fellowships are awarded 
annually for graduate study at the Jet 
Propulsion Centers established by the 
Foundation at California Institute of 
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Technology and Princeton University 
and at the Institute of Flight Structures 
established at Columbia University. 
Stipends range from $1,200 to $2,000, 
plus tuition (less the amount provided 
by veterans’ educational benefits). 


>» Richard S. Boutelle (M), President 
of Fairchild Engine and Airplane 
Corporation, has been named to the 
Executive Committee of the National 
Aeronautic Association. 


Necrology 


Willard J. Amick 


Willard J. Amick, TMIAS, a Flight 
Test Engineer with Douglas Aircraft 
Company, Inc., was killed October 27 
in the crash of an A3D twin-jet bomber 
near Lancaster, Calif., during a test 
flight. 

Mr. Amick, who was 29, was a grad- 
uate of the University of Michigan and a 
member of Tau Beta Pi. Before joining 
Douglas-Santa Monica in 1949, he had 
been a civilian engineer at Wright- 
Patterson AFB and an engineer with 
Curtiss-Wright Corporation at Colum- 
bus, Ohio. He is survived by his father, 
J. H. Amick, of Detroit. 


Ralph S. Damon 


Ralph Shepard Damon, 58, Presi- 
dent of Trans World Airlines, Inc., 
died of pneumonia on January 4. He 
had just been elected the American 
Honorary Fellow of the Institute for 
1955. 

Mr. Damon, who spent his entire 
business career in aviation, was grad- 
uated cum laude from Harvard Uni- 
versity in 1918. He learned to fly 
inthe Army Air Corps before he drove 
an automobile. 

Joining the Curtiss Aeroplane and 
Motor Company in 1922, he soon be- 
came Factory Superintendent and took 
part in developing several notable air- 
planes, including the Curtiss Robin 
and Thrush, the Curtiss-Wright Junior, 
aid the Condor, the first all-sleeper 
transport. He was named President of 
the Curtiss-Wright Airplane Company 
in 1935. 

In 1936, Mr. Damon joined Ameri- 
tan Airlines, Inc., as Vice-President 


for Operations. Shortly before World 
War II, he assumed the Presidency of 
Republic Aviation Corporation at the 
urging of the Government. He later 
returned to American Airlines and was 
elected President in 1945. He moved 
to T.W.A. in 1949. 

A member of the IAS for more than 
20. years, Mr. Damon served three 
terms on the Council. He was a mem- 
ber of the National Advisory Com- 
mittee for Aeronautics and Chairman 
of the Board of Trustees of Clarkson 
College of Technology. 

A tireless traveler, he flew more than 
100,000 miles a year on business and had 
met most of T.W.A.’s employees per- 
sonally. 

Mr. Damon, who lived in Garden 
City, N.Y., is survived by his wife, 
two sons, and two daughters. Burial 
was in Concord, Mass. 


Harold W. Peterson, Jr. 


Harold W. Peterson, Jr., MIAS, 
an Engineering Test Pilot with Piasecki 
Helicopter Corporation, was killed Jan- 
uary 5 when the Piasecki YH-16A, 
giant turbine-powered tandem-rotor 
helicopter, crashed during a test flight. 

Mr. Peterson, who had been an Air 
Force pilot for 10 years, flew P-61 and 
P-38 fighters in the Southwest Pacific 
during World War II. After the war, 
he was assigned to the Air Research 
and Development Command as an 
Experimental Test Pilot at Wright- 
Patterson and Edwards Air Force 
bases. His flying time included 1,000 
hours in 14 types of rotary-wing air- 
craft. 

Mr. Peterson, who was 35 years old, 
lived in Media, Pa. His wife and two 
children survive. 


> James H. Doolittle (HF), Vice- 
President of Shell Oil Company, has 
been reappointed to the National 
Advisory Committee for Aeronautics 
by President Eisenhower. 

> Paul Lieber, Professor of Geo- 
physics in the Department of Geol- 
ogy, Rensselaer Polytechnic Insti- 
tute, has opened a program of re- 
search for the Air Force Office of 
Scientific Research, Air Research and 
Development Command. The study 
concerns the extension and applica- 
tion of variational principles for cal- 
culation of real flows. 

> William P. MacCracken, Jr. (M), 
Washington, D.C., Attorney, has 
been appointed Chairman of the 
Executive Committee and General 
Counsel of the National Aeronautic 
Association. 


> John F. Victory (M), Executive 
Secretary of the National Advisory 
Committee for Aeronautics, has been 
re-elected a Vice-President of the 
National Aeronautic Association. 


| 


|| Members on the move.... | 
\|| This section provides information con- | 
| cerning the latest affiliations of IAS | 
members. All members are urged to 
i} notify the News Editor of changes as 
| soon as they occur. 


Don C. Ballentine (TM) has joined Con- 
vair-San Diego Division, General Dynam- 
ics Corporation, as a Research Analyst 
in the Experimental Flight Test Group. 
Formerly, he was employed as an Aero- 
nautical Research, Development, and De- 
sign Engineer in the Aerodynamics Lab- 
oratory of the Navy’s David Taylor Model 
Basin, Washington, D.C. 


Thomas F. Bergmann (M), formerly a 
Senior Sales Representative, has been pro- 
moted to Export Sales Manager of Lock- 
heed Aircraft Corporation. Before join- 
ing Lockheed last year, he was Sales 
Manager of Wright Aeronautical Division 
of Curtiss-Wright Corporation. 


Walter W. Bird (M) of Cornell Aero- 
nautical Laboratory, Inc., has formed a 
company to develop and manufacture air- 
supported structures such as the radomes 
and portable blown-up fabric buildings used 


— 
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U.S. TRAINS WORLDS 
BEST JET PILOTS 
LOWEST POSSIBLE COST . 


USAF T-33A/U.S. NAVY TV-2 JET TRAINER 


NINE OUT OF TEN U.S. MILITAR} 


JET PILOTS HAVE BEEN TRAINED IN 
LOCKHEED JET TRAINERS 
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Planes, like automobiles or sewing machines, can be 
manufactured at less cost in large quantities. This is 
particularly true of military aircraft, due to their 
inherent complexity and the exacting construction 
¥ requirements of the armed forces. 


> FLEXIBILITY OF LOCKHEED 


U.S. military planners decided almost ten years ago 
to standardize on one jet trainer—adaptable to the pilot- 
training requirements of all branches of the armed 
JET TRAINERS ENABLES services. Lockheed’s jet trainer was an ideal choice, 

+\ because its advanced basic design could be kept mili- 
tarily up to date at minimum expense. The saving on 


MILITARY PLANNERS TO over 4,500 T-33A/TV-2 type jet trainers built by 
Lockheed since 1948 adds up to millions of dollars. 
Hailed as the world’s safest jet trainer, the Navy’s 
9 ACHIEVE MAXIMUM ECONOMY! 


T2V-1 SeaStar was built in only 135 working days 
from start of structural work to roll-out—another 
Lockheed production record! And because Lockheed 
has the T2V-1 production line in being, all branches 
of the U.S. armed services are assured of being able 
to get the latest and the best jet trainers in the shortest 
time—modified to suit the special requirements of each. 


U.S. Navy T2V-1 SeaStar Jet Trainer 


First U.S. plane ordered into production utilizing 
Boundary Layer Control 1, which permits shorter 
take-offs and safer landings at slower speeds. Aero- 
dynamically actuated slats on wing’s leading edge 2 
contribute superior anti-stall characteristics. Elevated 
aft cockpit 3 gives the instructor excellent straight 
forward visibility during approaches, landings and 
take-offs. Oversized vertical stabilizer, and rudder 
areas 4, and prominent dorsal fin § provide maximum 
controllability in all speed ranges. Extremely rugged 
landing gear, retracted in flight, will withstand terrific 
punishment incurred in early-training landings on air- 
fields or carrier decks. 


LOCKHEED 


AIRCRAFT CORPORATION, BURBANK, CALIF. 


LOOK TO LOCKHEED FOR JET LEADERSHIP, TOO 
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Louis G. Dunn, FIAS, has been elected 
a Vice-President of The Ramo-Wooldridge 
Corp. Formerly with Caltech’s Jet Pro- 
pulsion Laboratory, he joined the com- 
pany in 1954 to direct missile research. 


by the Army in the Arctic. Mr. Bird is 
President and Treasurer of Birdair Struc- 
tures, Inc., Buffalo. 


Louis M. Campani (M) has been pro- 
moted to Chief Administrative Engineer 
of The Liquidometer Corporation. 

Andre M. Cels (M) has joined Aérobel 
(Compagnie Générale Belge d’Aéronau- 
tique), Brussels, Belgium, as Director. 
He was formerly Chief Engineer of the 
Société Anonyme Belge de Constructions 
Aéronautiques. 


F. A. Cleveland (AF) has been appointed 
Preliminary Design Engineer of Lockheed 
Aircraft Corporation’s Georgia Division, 
and will move to Marietta shortly. With 
Lockheed in Burbank, Calif., since 1946, 
Mr. Cleveland is a former Chairman of the 
Los Angeles Section of IAS. 


A. P. Fontaine (AF) has been promoted 
to Vice-President for Engineering, Bendix 
Aviation Corporation. At the same time, 
he became a member of the Administra 


Richard B. Hubbard, MIAS, has been 
named President of the Erco Division of 
ACF Industries, Riverdale, Md. He was 


Vice-President and Chief 


Engineer of 
Specialties, Inc. 


NEERING REVIEW 


mmittee. He 
Engineering Director. 

Rear Adm. Frederick R. Furth, USN 
Ret HM), former Chief of Naval Re 


tion C was previously 


sear¢ as joined International Tele 
phone and Telegraph Corporation as as 
sistant t Harvard L. Hull, AFIAS, 
President of Farnsworth Electronics Com 
pan an I.T. & T. Division in Fort 


1 
Chester R. Gates (M), formerly with 


Headquarters, USAF, Washington, D.C., 
has joined Northrop Aircraft, Inc., Haw 
thorne, Calif. He is in the Office for De 
velopment Planning. 


Second Lt. Richard L. Geer, USAF 
TM), formerly an engineer in the Wind 


Tunnel Operations Section of Boeing Ait 
plane Company, is now working in the 
Escape Section of the Biophysics Branch 
of the Aeronautical Laboratory, Direc 
torate of Research, Wright Air Develop- 
ment Center, Wright-Patterson AFB, 
Ohio 


B. Allison Gillies (AF) of Jones & Gil- 

lies, | has been elected Vice-Chairman 
of the Board of Directors of Pacific Air 
Corporation. 
Frederick D. Herbert, Jr., (M) has been 
Financial Vice-President of Kear- 
fott Company, Inc. He was formerly 
Executive Vice-President for Operations 

Peter G. Masefield (HF) has 
named Managing Director of Bristol Air- 


elected 


been 


craft Limited, a subsidiary of The Bristol 
Aeroplane Company Limited, of Bristol, 
England., He was formerly Chief Execu- 


tive of British European Airways Cor- 


poratior 
William L. Mustard (AM), formerly 
District Manager in Dayton, Ohio, has 


ointed Field Service Manager of 
Link Aviation, Inc. 

John W. Myers (M) has been elected 
Chairman of the Board of Directors of 


been 


Pacific Airmotive Corporation. He was 
formerly Senior Vice-President of Nor 
throp Aircraft, Inc. 


Second Lt. Philip F. Oestricher, USMC 


has been trans 


™ f Lockhart, Fla., 


Donald W. Smith, MIAS, has been 
elected President of Kearfott Company, 
Inc., a subsidiary of General Precision 
Equipment Corp. He was Vice-President 
and Director of Engineering and Sales. 
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Arthur R. Weckel, MIAS, Vice-President 
of Sperry Gyroscope Co., has been named 
Manager of the Special Missile System 


Division. He is in charge of the Sparrow 
| program for the Navy. 


ferred from Pensacola Naval Air Station 
to Chase Field, Beeville, Tex. He isa 
Student Naval Aviator. 


Arthur P. Paine (TM), formerly Chie 
Engineer, has been named Manager of the 
Aircraft Division and Assistant Secretary 
of Bristol Engineering Corporation. 


Bruce H. Pauly (M) has been named 
Associate Director of Research and De 
velopment of The Weatherhead Company 
A former Lieutenant Colonel in the Ai 
Force, he was until recently Aircraft 
Sales Manager of Pesco Products Dive 
sion, Borg-Warner Corporation. 

Andre W. Reichel (M) has been ap 
pointed Director of Sales and Service d 
Kearfott Company, Inc. He was for 
merly General Sales Manager 


Wladimir A. Reichel (AF 


, Senior Vice 


President for Engineering, General Pre 
cision Equipment Corporation, has beer 
elected Vice-Chairman of the 


Executive 


Norman L. Winter, MIAS, has been pro 
moted to General Sales Manager at Speny 
Gyroscope Co., succeeding A. R. Wecke! 
Mr. Winter was Director of Federal Cor 
tracts. 
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SOLID- AND LIQUID- 
PROPELLANT ROCKET 
POWERPLANTS FOR MISSILE 
AND AIRCRAFT APPLICATIONS 
AEROBRAKE THRUST 
REVERSER (SNECMA) 
AUXILIARY POWER UNITS 
AND GAS GENERATORS 
ELECTRONICS AND 
GUIDANCE 

ORDNANCE ROCKETS 
EXPLOSIVE ORDNANCE 
AND WARHEADS 
UNDERWATER PROPULSION 
DEVICES 
ARCHITECT-ENGINEER 
SERVICES FOR TEST 
FACILITIES 


The General Tire & Rubber Company 


QUALITY CONTROL FOR ROCKET ENGINE RELIABILITY 


Today, as never before, rocket power is a dominant military requirement. Aerojet- 
General propulsion devices are used from Pole to Equator. They must operate with the 
flick of a switch at any altitude, any attitude, over extreme temperature ranges. 

But the price of optimum reliability is maximum vigilance. At Aerojet, this means 
the uncompromising control of every characteristic of every engine, every component 
in research, development and production. 

There are no short cuts to certainty. Aerojet uses all the techniques of modern 
quality programs — new-design control, acceptance sampling plans, statistical analysis, 
quality auditing. In actual test-firings of complete rocket systems, Aerojet has spent 
over six million man-hours since 1942. 

The results are unique in the rocket propulsion field: Aerojet products in field use 
have an overall measured reliability of 99.6%. 


AEROJET-GENERAL NEEDS: Chemical Engineers * Chemists * Electronic Engineers * Mechanical Engineers © Physicists and Aeronautical Engineers 


CORPORATION 
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Committee of Kearfott Company, Inc., 
a subsidiary. 

Richard J. Rossbach (M) has joined the 
Aircraft Gas Turbine Division of General 
Electric Company, Cincinnati, as a Tur- 
bine Design Engineer. He was formerly 
Secretary of the Subcommittee on Com- 
pressors and Turbines, National Advisory 
Committee for Aeronautics, Washington, 
Dx. 

Alvin C. Smith (M) of Cornell Aero- 
nautical Laboratory, Inc., has been named 
Manager of Industrial Development and 
Sales of the newly formed Birdair Struc- 
tures, Inc., Buffalo. 


John W. Thorp (M), formerly of Fletcher 
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Aviation Corporation, has been engaged 
as a Design Consultant by Air Logistics 
Corporation. He also heads Thorp Air- 
craft Corporation. 

Maurice A. Walter (M) has joined the 
Western Division of Servomechanisms, 
Inc., Los Angeles, as a Project Engineer. 
He was formerly a Senior Scientist in the 
Missile Systems Division of Lockheed 
Aircraft Corporation. 

Gerald B. Wright (M), formerly As- 
sistant Manager of the Air Force Sales De- 
partment, has been named Manager of 
the Hustler Systems Department of 
Sperry Gyroscope Company Division of 
Sperry Rand Corporation. 


CORPORATE 


EMBER NEWS 


e@ Aerojet-General Corporation has been 
chosen to build the second-stage rocket 
engine that will carry the first earth satel- 
lite through most of its 300-mile assault 
on outer space. Housed in a Martin air 
frame and launched from a large booster 
rocket, the Aerojet power plant will push 
through the ionosphere a vehicle resem- 
bling the Aerobee, carrying the small third- 
stage rocket and the satellite. 

e Aluminum Company of America... 
A new hydraulic forging press is being as- 
sembled at Alcoa’s Vernon, Calif., works 
as a companion to the 1,500-ton press al- 
ready in operation there. With three 
power cylinders, it is expected to be the 
most versatile forging press of its size in 
the United States. Operation at 2,700, 
5,400, and 8,000 tons capacity will be 
possible. Alcoa engineers claim they 
have devised an earthquake-proof method 
of installation. 

e Arma Division, American Bosch Arma 
Corporation. . . John J. Giba, formerly 
Assistant Chief Engineer, has been named 
Vice-President in charge of the Contracts 
Division. Lionel R. Fiedler, formerly 
Vice-President for Sales, Arma Division, 
has been promoted to Vice-President of 
the Corporation. 

@ Avien, Inc., announces a new portable 
field and shop tester that provides all 
necessary instrumentation for checking 
calibration accuracy and electrical insula- 
tion qualities of fuel gage tank units. 
Designated Model No. 1617-040, the 
tester corresponds in design and perform- 
ance to military type MD-2, and may be 
used for all capacitance type tank units 


regardless of manufacturer or aircraft 
application. 
Avro Aircraft Limited. ..A_ special 


issue of Jet Age has been published by A. 
V. Roe Canada Limited to mark its tenth 
anniversary. Scott Young, a Canadian 
magazine writer, prepared the historical 
account, which is profusely illustrated. 

e@ Bendix Aviation Corporation. . . The 
Pacific Division is working on American 
versions of the Decca navigation system 
for possible military and commercial ap- 
plications. Bendix is licensed to manu- 


facture the Decca system, which has been 
accepted for air traffic control and naviga- 
tion by the British Ministry of Transport 
and Civil Aviation. 
@ Boeing Airplane Company has an- 
nounced details of its Intercontinental 707 
jet transport, which is designed to carry 
124 passengers in first-class service or 146 
passengers in tourist service. With 2 
full pay load range of 5,000 miles, it will 
make possible nonstop schedules such as 
New York to Rome in 7!/. hours, Los 
Angeles to Copenhagen in 10'/. hours, and 
Tokyo to San Francisco in 9!/. hours. 
The giant plane will cruise between 550 
ard 600 m.p.h. and will be equipped with 
sound suppressors and thrust reversers 
for the four jet engines. Gross weight 
will exceed 280,000 Ibs. First deliveries 
of the Intercontinental are scheduled for 
1959. 
e@ The Cleveland Pneumatic Tool Com- 
pany has opened a sales and _ service 
branch at 2509 West Berry Street, Fort 
Worth, Tex 
@ Convair, A Division of General Dynam- 
ics Corporation . . . The Air Force and 
Convair’s Fort Worth Division have an- 
nounced an experimental project leading 
toward the development of an atomic- 
powered aircraft. In recent months, the 
announcement said, a huge B-36 carrying 
an atomic reactor has made ‘numerous 
successful flights during which the reactor 
was operated.’’ Among other things, the 
reactor is used to investigate problems of 
shielding against radiation, to study effects 
of radiation on aircraft, materials, and sys- 
tems, and to develop air-borne nuclear in- 
strumentation. The reactor is never op- 
erated during take-offs and landings 
Sixty-seven Metropolitan 440 tran- 
sports have been ordered by various air 
lines, Convair reports. The Metropolitan 
is available in 44- and 52-passenger ver- 
sions 
© Douglas Aircraft Company, Inc....A 
new version of the Skyraider, the AD-7, 
will be manufactured by Douglas and 
delivered to the Navy beginning in 
August. This will be the 50th version of 
the AD series since the prototype took to 
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the air in March, 1945. Approximately 
3,000 of the carrier-based attack bombers 
have been built, some capable of carrying 
10,000 lbs. of bombs Douglas's 
new luxury air liner, the DC-7C, is under- 
going flight tests at Santa Monica. The 
plane cruises at 350 m.p.h., has a range of 
5,000 miles, and carries up to 85 passen- 
gers. Douglas reports orders dur- 
ing 1955 for 98 DC-8 jet transports and 
230 propeller-driven DC-6 and DC-7 air 
liners. 

@ Federal Telecommunication Labora- 
tories. . . Andre G. Clavier, Dudley M. 
Day, and Brig. Gen. Peter C. Sandretto, 
USAF Reserve, have been elected Vice- 
Presidents of this research division of 
International Telephone and Telegraph 
Corporation. 


General Electric Company. . . Phila- 
delphia has been selected as headquarters 
for the Special Defense Projects Depart- 
ment. About 1,000 persons will be em- 
ployed in a six-story building at 32nd and 
Chestnut Streets when the move from 
Schenectady is made this summer. Pri- 
marily an applied research and develop- 
ment organization, the department will 
handle engineering and production of 
large, highly compiex missile systems. It 
will act as a focal point for the company’s 
engineering and manufacturing resources 
for missile systems projects requiring the 
close, coordinated efforts of many G-E 
organizations. General Electric 
FPS-8 radar has been installed in the 
CAA’s new Air Route Traffic Control 
Center at New York International Air- 
port. Originally developed for the Air 
Force as-a long-range search radar, the 
FPS-8 increases the range for controlling 
aircraft from the Center to over 100 
miles in all weather conditions. . . . A 
bulletin summarizing the results of an 
experiment in determining convective 
heat transfer on a supersonic air frame 
through use of the V-2 rocket in flight is 
available from G-E’s Special Defense Proj- 
ects Department, Schenectady, N.Y. 
Bulletin No. 55SD3 describes procedures 
and equipment used in the experiment, 
and is illustrated with graphs presenting 
data on skin temperatures, pressures 
measured on the V-2 nose cone, and the 
altitude and velocity attained during the 
missile’s flight. 

® General Precision Equipment Corpora- 
tion and Royal McBee Corporation have 
formed a jointly owned subsidiary com- 
pany with equal interests, named Royal 
Precision Corporation. Utilizing facilities 
of both parent companies, the new com- 
pany will develop, produce, and market 
electronic data-processing and computa- 
tion machines and accessory input and 
output mechanisms, storage devices, and 
code-conversion equipment for complete 
data-processing centers for office, scientific, 
and laboratory use. 

e Jack & Heintz, Inc. ... The Engineering 
Department has been reorganized to handle 
a heavy influx of development contracts. 
One division consists of the engineering 
sections, developing alternating-current 
electric systems. The other is responsible 
for developing direct-current generators, 
actuators, engine starters, inverters, and 
aircraft and commercial motors. A sepa 
rate Research and Development Group has 
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How to land a bomber 


in a phone booth 


EFORE B. F. Goodrich engineers 
devised and built the computer in 

the upper left hand picture, testing a 
new brake design was a time-consuming 
process. Laboratory tests of the finished 
product—sometimes even actual flight 
tests—had to be made before basic design 
specifications could be confirmed or modi- 
hed. But now BFG design engineers have 
a short-cut. An electronic analog, almost 
small enough to fit in a telephone booth, 
simulates a landing and gives prelimi- 
nary data—in minutes! BFG engineers 
correct and refine brake design data in 
the earliest stages, avoid “blind alley” 
tests that could waste weeks or months. 
How do you benefit? We give you 
faster delivery by speeding up qualifica- 
tion of our brakes. We give you better 


braking assemblies because we can quickly 
confirm new engineering and design 
ideas. And you further benefit by actual 
dynamometer tests which verify the 
analog’s electronic fortune telling. 

At top right you see a BFG forged 
magnesium wheel passing a terrific static 
overload test. Strains applied by the 
500,000 Ib. loading machines are being 
measured by resistance strain gages and 
recorded on the oscillograph. 

Even more dynamic is the “refused 
take-off” test on the 250 mph dynamom- 
eter. A bomber’s single wheel and dual 
brake combination must absorb more 
than 30,000,000 ft.-Ibs. of kinetic energy 
—as much force as is generated by stopping 
approximately 65 automobiles going 60 
mph—but the BFG brakes bring the plane 


to a standstill in the specified landing 
time which assures a safe stopping dis- 
tance. The wheel is undamaged. 

The application of BFG knowledge 
and experience in research, testing, and 
quality control, assure you of getting 
the finest wheels and brakes. The B. F. 
Goodrich Company, Tire and Equipment 
Div., Aeronautical Sales, Akron, Ohio. 


B.F Goodrich 


AVIATION PRODUCTS 


Tires, wheels, brakes  De-Icers Heated rubbers 
Fuel cells * Avtrim * Pressure Sealing Zippers 
Inflatable seals * Rivnuts * Hose, accessories 
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This view shows less than half of ‘‘Major,"’ the 50,000-ton closed-die forging press designed 


and built by Loewy-Hydropress for the 
tends 60 ft. beneath the floor. 


7,500 tons move. 
ever built. 


been formed to assist both divisions with 
analyses of certain advanced theoretical 
aspects of new designs. Additional test 
facilities are planned. ... The New York 
Office of Jack & Heintz has been moved to 
Room 220 at 390 Plandome Road, Man 

hasset, Long Island, N.Y. 

e Walter Kidde & Company, Inc., an- 
nounces a new fire detection device for air- 
craft. It is claimed to be the first one 
capable of giving an immediate nacelle 
overheat signal reporting potential danger, 
followed by a fire alarm if that condition 
develops. The fire alarm overrides the 
overheat signal. The device operates on 
both the fixed-temperature and rate-of- 
temperature-rise principles. The control 
unit employs transistors instead of vacuum 
tubes. It is hermetically sealed and re- 
quires no shock or vibration isolation. The 
new system detects fire in less than 5 sec., 
requires no resetting after the fire has been 
extinguished, and weighs less than 3 lbs. 

@ The Liquidometer Corporation has 
issued a new booklet, Bulletin No. 546, de- 
scribing true-weight gaging systems, com- 
pensated and uncompensated capacitor- 
type fuel gages, repeater indicators, fuel- 
gage totalizing systems, selective indi- 
cators, and thermistor applications for 
fuel-level warning and control. 


USAF Heavy Press Program. 
Now operating at the Wyman-Gordon plant in North Grafton, 
Mass., Major can exert a pressure of 106,000,000 Ibs. 


The other half ex- 


Of its total weight of 10,750 tons, 


Used for making large aircraft forgings, this press is claimed to be the largest 


Lockheed Aircraft Corporation. ...A 
Special Projects Engineering Division 
up within the Engineering 
Branch of the Georgia Division “to meet 
the fast-growing demand for rapid de 
velopment of prototype aircraft designs 
" Starting with 50 
engineers and designers, the new division 
will add another 100 mechanical, struc- 
tural, and systems specialists within the 
next 12 months, the company said 
Frank B. Johnson, MIAS, heads the new 
unit at Marietta... . The program of 
the Lockheed Leadership Fund will be 
expanded to include graduate fellowships 
in Theoretical Physics at Princeton 
University, Aerodynamics at Massa 
chusetts Institute of Technology, and 


has been set 


and special systems. 


Structures at California Institute of 
Technology. The 1-year fellowships, 
valued at $2,500 each, will be in addition 


to 58 scholarships presently sponsored by 
Lockheed at various colleges. . The 
C-130 prop-jet Hercules is undergoing cold 
weather tests at Eglin AFB, Fla. 

@ Manning, Maxwell & Moore, Inc... . 
J. Robert Kelley has been elected Presi- 
dent. Formerly Executive Vice-President, 
he joined the company in 1931. 

Pan American World Airways, Inc... . 
Late in 1959, Pan American passengers 
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will ride in the world’s largest jet transport, 
the company claims. This will be the 
Boeing Intercontinental, a larger version 
of the 707, capable of carrying 146 tourist 
passengers or 124 first-class passengers, 
The new air liner will have a range of 
5,000 miles with full pay load, assuring 
nonstop transatlantic schedules under all 
weather conditions. P.A.A. placed the 
first air-line order for twelve of the 575- 
m.p.h. Intercontinentals Having ac- 
cumulated 20,000 hours flying experience 
with air-borne radar, Pan American plans 
to spend $1,000,000 for radar for its 
fleet of 45 jet transports now on order. 
Altogether, $3,000,000 will be spent to 
equip 129 long-range aircraft with 
radar. During 1955, Pan American 
set new records for air cargo on its trans- 
Atlantic and Latin-American runs. 


e J. B. Rea Company, Inc., announces a 
new series of subminiature rate gyroscopes 
1 in. in diameter, 2'/, in. long, and weigh- 
ing 4 oz. 

e@ Ryan Aeronautical Company will manu- 
facture $20,000,000 worth of jet power 
packages for the Douglas DC-8 jet trans- 
ports ordered by commercial air lines 
The Ryan jet pack is a quickly demount- 
able, complete power unit composed of the 
jet engine and its supporting structure and 
electrical and mechanical accessory equip- 
ment, including fuel and oil systems and 
hydraulic, pneumatic, electrical, and anti- 
icing systems. The J57 engine will be 
furnished by Pratt & Whitney Aircraft 
Division of United Aircraft Corporation, 
... Huge external fuel tanks, claimed to be 
the world’s largest, are being built by 
Ryan for hundreds of Boeing B-47 jet 
bombers. No longitudinal members, 
baffles, nor external rivets are employed 
in constructing the tank. More than 
30,000 spotwelds join the tank skins into a 
smooth, skin-stressed envelope of high 
strength. 


@ Shell Oil Company has designed a new 
type of truck for refueling turboprop 
transports such as the Viscount. The 
hose pumps 200 gal. per min. in underwing 
refueling. The truck carries 4,600 gal. of 
fuel and 420 gal. of a power-boost fluid, 
water-methanol. 


e Solar Aircraft Company... An Air-Frame 
Parts Plant with 45,000 sq.ft. has been 
established in San Diego, near Solar’s 
main plant. The building was formerly 
used as a warehouse. 


e Sperry Gyroscope Company Division of 
Sperry Rand Corporation . . . The Seattle 
office, stock rooms, and repair shop have 
been moved to 300 West Harrison Street. 


e United Aircraft Corporation . . . Hamil- 
ton Standard Division has purchased the 
Aero-Pneumatics Division of Pacific Air- 
motive Corporation, Burbank, Calif. The 
acquisition gives Hamilton Standard 
manufacturing rights strengthening its 
position in the field of air conditioning 
systems for aircraft. 


e@ Western Gear Corporation . . . A new 
Engineering Building is under construc- 
tion near the Lynwood, Calif., plant. 
Designed to accommodate 200 engineers, 
it will have 20,000 sq.ft. of floor space and 
will cost $250,000. The building will be 
air-conditioned and windowless on three 
sides. 
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A DESIGN_FOR 
YOUR’ FUTURE AT... 


From an engineering organization, what do you consider 
the design requirements for a successful career? 


¥ DESIRABLE SALARY STRUCTURE 

¢ VARIED AND INTERESTING WORK 

¥ PROFESSIONAL GROWTH POTENTIAL 

¥ YOUNG AND AGGRESSIVE MANAGEMENT 


We meet these specifications. If you are willing to 
supplement them with your own education, 
experience, ingenuity and initiative, an outstanding 
engineering career awaits you at M.A.C.... 

the McDonnell Aircraft Corporation. 


Stimulating assignments available for experienced 
engineers in the fields of: structural and functional 
design, power plant analysis, structural engineering, 
aerodynamics, dynamics, and many others. 

Openings also exist for recent college graduates. 


* 
Maxe Aviation, Career! 


MiDONNELL 


WRITE... P TECHNICAL PLACEMENT SUPERVISOR, P. O: BOX 516, ST. LOUIS 3, MO. 
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NEERING REVIEW- 


IAS SECTIONS 


Meet Your Section Chairman 


Major Vincent J. Bracha, USAF 
Rocky Mountain Section 


Major Vincent J. Bracha was born 
in Bristol, Conn. After graduating 
from high school in 1938, he entered 
the textile business 
in New Britain, 
Conn., and con- 
tinued in this work 
until he joined the 
Air Force in 1942. 

He began flying 
in 1939, soloing in 
a Taylorcraft, and 
has been flying 


ever since. 


Endeavoring to complete his educa- 
tion, he entered the evening school of 
Hillyer College in 1940, but this course 
was short-lived because of the onset of 
World War II. 

On July 1, 1942, he joined the Army 
Air Corps as a glider pilot (sergeant) 
and continued flying light planes and 
gliders until June, 1943, when he left 
the Air Corps Glider Program to begin 
pilot training. In December, 1943, 
he graduated from flying school and 
was rated a pilot. He received his 
commission as a second lieutenant. 

. In April, 1944, Major Bracha went 
overseas and flew 92 combat missions 


Boston Section 


The December 14 meeting was held 
at Massachusetts Institute of Tech- 
nology with 85 members and friends 
in attendance. Chairman Robert L. 
Halfman introduced H. Guyford Stever, 
Chief Scientist, USAF, whose topic 
was ‘Some Aeronautical Challenges.” 

Dr. Stever discussed the technical 
challenges which face the aeronautical 
engineer. With the advent of the cen- 
tury series of fighter aircraft, new con- 
trol problems such as loss of directional 
stability and the effects of aerodynamic 
heating on structure and crew have 
presented such challenges. Bombers 
which travel at supersonic speeds are 
similarly affected. 

Another order of difficulty exists for 
guided missiles because of their de- 
pendence on fully automatic operation. 
Today, on the threshold of space flight, 
the aeronautical engineer is confident 


in the Mediterranean theater, piloting 
P-47 Thunderbolts. He was shot down 
over enemy territory in September, 
1944, and, after evading capture for 
more than 2 months, found his way to 
friendly forces and returned to the 
United States. 

During the next 5 years, Major 
Bracha served at various air bases in 
the United States and Germany as an 
instructor-pilot, operations officer, and 
maintenance engineering officer. 

Returning from his second overseas 
tour in 1949, he resumed his education 
during after-duty hours and was able 
to complete the first 2 years of college 
at various institutions where he had 
been stationed—Rhode Island State, 
New Bedford Polytechnical Institute, 
University of Illinois, and University of 
New Mexico. 

He thus qualified for the Air Force 
Institute of Technology at Wright- 
Patterson AFB and enrolled there in 
the summer of 1951. He received his 
Bachelor of Science degree in Aero- 
nautical Engineering in 1953. 

Major Bracha then was assigned to 
Headquarters of the Air Defense Com- 
mand at Colorado Springs, Colo. His 
present assignment is as Chief, Lock- 
heed Aircraft Branch, in Maintenance 
Engineering. 


of his ability to achieve a velocity of 
25,000 ft. per sec. to the extent that 
Project Vanguard has been officially 
scheduled for the International Geo- 
physical Year. The intercontinental 
ballistic missile, with its problems of 
aiming accuracy and re-entry into 
the atmosphere, presents perhaps an 
even greater challenge. The adoption, 
at least for long-range bombers, of 
nuclear power with the attendant 
shielding difficulties is still another 
challenge 

Dr. Stever then turned to the question 
of our ability to produce the advances 
needed to meet these challenges. With 
the large number of problems wanting 
solution and a limited available number 
of engineers and scientists to work on 
them, he called upon those having tech- 
nical capability to be sure that their 
work is of importance. 

He also pointed to the responsibility 
which engineers and scientists hold 
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with regard to public pronouncements, 
predictions for the future, and esti- 
mates of times required to complete 
tasks ranging in character from pure re- 
search to pure production. Overopti- 
mism in such estimates, although some- 
times due to sales department pres- 
sures, is also caused by engineers them- 
selves in trying to set goals which force 
them to extend themselves to the ut- 
most. Such great efforts induce a 
state of mind wherein each project is 
regarded by its leaders and workers as 
being of highest priority. In the over- 
all effect on the military strength of the 
nation, all efforts cannot be of the same 
degree of importance, and the technical 
community must bear the responsi- 
bility for the accuracy of estimates of 
this sort. 


WALTER McKay, Secretary 


Dayton Section 


At the meeting on December 8, 75 
members and guests heard Capt. Wil- 
lard M. Hangar, USN, Executive 
Assistant to the Director of the Research 
and Development Group, speak on the 
subject of Naval carrier aircraft opera- 
tions and special equipment. 

Captain Hangar’s talk was bolstered 
with slides and movies of recent carrier 
aircraft trials, illustrating the latest 
materiel. The audience, which was pre- 
dominantly associated with the Air 
Force, was impressed by the carrier 
operations shown. Captain Hangar 
described the design and other prob- 
lems associated with carrier catapults, 
starting with the hydraulic type that 
was popular on the Essex-class carrier 
during World War II and covering the 
steam catapults that were developed 
after the war. Brief mention was also 
made of catapults employing the gases 
evolved by solid-propellant charges. 
A fairly complete description of the 
present steam catapult, with its ad- 
vantages, was amplified in the slides 
and movies. 

Arresting gear and barriers were also 
described, starting with World War II 
types. The evolution of the more com- 
plex types, which are capable of arrest- 
ing and stopping high-landing-speed 
jet aircraft, was clearly described and 
illustrated. The most interesting de- 
velopment, the angled deck, which per- 
mits landing of jet aircraft with 90 per 
cent throttle settings, thus allowing 
for take-offs without endangering parked 
aircraft and crews, was described, and 
the movies showed interesting demon- 
strations of its use. Many questions 
followed Captain Hangar’s talk. 
> On September 20, 85 members and 
guests of the Dayton Section met a 
Levitt’s for dinner and a talk by Hugh 
F. Jacox of Capital Airlines, Inc., 0 
experiences with the new Vickers Vis 
count transport. 
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Boeing engineers find rewarding jobs 


This model of a supersonic airplane de- 
sign was dropped at extreme altitude from 
a B-47 Stratojet. Telemetered data re- 
vealed the characteristics of its supersonic 
flight to destruction at the earth’s surface. 
[his is just one example of Boeing- 
Wichita’s continuing development of ad- 
vanced aircraft and associated systems. 

At Wichita research and development 
programs are expanding rapidly. Labora- 
tory space has been quadrupled and many 
other new engineering facilities have 
been added to keep pace with increasing 
emphasis on technical development. At 
both of the company’s plants, Seattle and 
Wichita, the increased scope and magni- 
tude of this development effort is creating 
additional and excellent career opportu- 
nities for aeronautical engineers. 

This means there is a real challenge 
for you in one of Boeing’s design, research 
or production engineering programs. 


Among the interesting assignments for 
aeronautical engineers at Boeing are all 
of the major engineering and scientific 
fields, including aerodynamics, propul- 
sion and thermodynamic analysis, struc- 
tural design and stress analysis. Working 
in tight-knit teams provides plenty of 
room for self-expression and recognition. 
Boeing engineers are working now on 
future airplanes and missiles that will 
maintain the standard of technical su- 
periority established by the B-47 medium 
bomber, the B-52 intercontinental 
bomber, the BOMARC IM-99 pilotless 
interceptor, the 707 jet transport and the 
KC-135 jet tanker-transport. 
Recognition of professional growth is 
coupled with career stability at Boeing — 
twice as many engineers are now em- 
ployed by the company as at the peak of 
World War II. They enjoy a most liberal 


retirement plan. How would you like a 


95 


| 


in Wichita, Seattle 


satisfying, creative job with the pick of 
the engineering profession? There may 
be one waiting for you in the progressive 
communities of Wichita or Seattle. 


R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. A-49, Wichita, Kansas 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. A-49, Seattle 14, Wash. 


e If you want further information on the advan- 
e tages of a career with Boeing, please send cou- 
* pon to either of the above addresses. 
e 
e 
e 


Name 


College(s)__ 


Address 


City 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 


@ 
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Introducing another NEW B&H Instrument... 


TAKCAL 


‘COMPACT 
*LIGHTWEIGHT 
*RUGGED 


The new B&H TACKAL incor- 
porates a refinement of the frequency 
meter principle. It operates in the low 
(0 to 1000 cps) range, reading the 
frequency of the tachometer gener- 
ator on a scale calibrated in percent 
RPM corresponding to the engine’s 
RPM. In addition the TAKCAL 
checks the tach system. The TAKCAL 
circuit and tachometer are parallel so 
that readings can be made simultane- 
ously to determine the accuracy (or 
inaccuracy) of the aircraft’s tach sys- 
tem. The TAKCAL operates during 
the engine run to properly set up 
engine controls for maximum econ- 
omy and safety. 

Originally developed as a compo- 
nent part of the J-Model JETCAL 
ANALYZER, the TAKCAL is now 


Reads Jet Engine Speed 
fo Guaranteed Accuracy of 
10 RPM in 10,000 BPM (=0.1%) 


available as a separate unit for use 
with all earlier models of the 
JETCAL TESTER. 

The TAKCAL operates accurately 
in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an 
instrument of such extreme accuracy, 
it is adaptable to application in many 
other fields. 


Explosion-proof TAKCAL for special 
applications. Measures 200 to 7500 RPM, 
direct reading, with +0.1% accuracy. 


For full information write or wire... 


B & H INSTRUMENT Co., Inc. 


1009 Norwood 


e FORT WORTH 7, TEXAS 


NEERING REVIEW 


MARCH, 1956 


Mr. Jacox presented a movie which 
showed scenes taken during the fabri- 
cation of the Rolls-Royce turboprops 
used in the Viscount and some interest- 
ing demonstrations of the fine methods 
of construction and the excellent re- 
sults obtained, particularly in regard 
to smoothness of operation. Follow- 
ing the movie, Mr. Jacox listed sta- 
tistics as to the schedules resulting from 
Viscount use and told some surprising 
figures on Viscount operation. He 
said the turboprop engines were more 
rugged than had been anticipated and 
maintenance costs were less than 
anticipated. 


T. J. KEATING, Secretary 


Hagerstown Section 


The December 13 meeting was called 
to order by Allen Clopper at the Hotel 
Alexander. James A. Neilson, Jr., 
Chairman of the Membership Com- 
mittee, presented a progress report. 

W. H. Arata, Program Chairman, 
introduced the speaker, Paul E. Gar- 
ber, Curator of the National Air 
Museum in the Smithsonian Institu- 
tion, Washington, D.C. Mr. Garber 
spoke on the history of the air mail and 
showed a film of the Wright brothers’ 
demonstration flight for the Army at 
Fort Myers, Va., in 1909. 

A color film on the Bell X-1B re- 
search airplane was exhibited. Seventy- 
six attended the meeting. 

C. L. CHUMLEY 
Secretary-Treasurer 


Rocky Mountain Section 


Major Gen. Marshall S. Roth, USAF 
Deputy Chief of Staff, Material Head 
quarters, Air Defense Command, ad 
dressed the second meeting on De- 
cember 3 at the Officers Club, Head- 
quarters ADC, in Colorado Springs, 
Colo. General Roth’s subject was 
“Development of an Aircraft Weapons 
System” in which he discussed the com- 
plicated planning necessary to effect 
the successful development of a weapon 
for a specific task. He likened such 
a development to the project faced 
by a housewife in preparing and serv- 
ing a meal to the boss. This involves 
consideration of the same elements of 
planning, programing, material, facili- 
ties, personnel, and delivery as in the 
weapons system synthesis, with one 
important contrast in the end objective. 
Where the housewife wants the boss to 
enjoy the meal (presumably), the 
weapons system designer tries to de- 
termine what the enemy would dislike 
the most in the given situation. 

Following General Roth’s address, 
Richard Frost presented the names of 
candidates selected by the nominating 
committee, and the entire list was 
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This advanced type fuel metering unit was developed by Bendix 
to include special features for the 10,000-pound thrust class 
Pratt & Whitney J-57 turbojet—the engine which puts the 
power behind the super performance of the F4D Skyray. 


A, early as 1945, Bendix brought out a jet engine control which auto- 
matically metered fuel during engine acceleration and deceleration 
so as to avoid over-temperature, compressor stall and “flame out’’. 
Since then, these features have become a “must” on all jet engine con- 
trols, allowing the pilot to slam the throttle wide open without danger 
of ruining the engine, or slam it shut without risk of “flame out”. 

Bendix fuel metering is used today on nearly all American air- 
liners, and on a great majority of military aircraft. This includes injec- 
tion type carburetors and direct fuel injection, as well as fuel metering 
and complete engine control systems for jets. 

These and other achievements are solid evidence that the aircraft 
industry can continue, as in the past, to look to Bendix for creative 
engineering and quality manufacturing. 


Float and injection type carburetors . . . Direct injection fuel systems .. . 


Fuel metering and engine control systems for jets and turboprop engines 
. »- Brakes, wheels and shock absorbing struts for all types of airplanes. 


BENDIX 


Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


PRODUCTS 
DIVISION 


DEPENDABLE 
SOURCE 


~FOR CREATIVE ENGINEERING 
AND QUALITY MANUFACTURING 


BENDIX Products Division has long specialized — 
in FUEL METERING, ENGINE CONTROL SYSTEMS and — 


LANDING GEAR. 


SOUTH BEND moms, 


AVIATION CORPORATION 
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Colonel William B. Bunker, USA, talks with Harold H. Ostroff, Program Chairman, and 


ENG 


Hermon H. Cole, Section Chairman, after addressing a joint meeting of the IAS St. Louis 


Section and the American Helicopter Society on ‘'One-Man Flying Machines.” 


Bunker is President of the AHS. 


approved by unanimous vote. The 
following officers were elected: 

Chairman, Major Vincent J. Bracha, 
ADC; Vice-Chairman, Alison M. Ar- 
nold, Stanley Aviation Corporation; 
Secretary, Arthur W. Gilmore, Univer- 
sity of Colorado; and _ Treasurer, 
Major William R. Fuchs, Air Force 
Academy. 

The Advisory Committee consists of 
Major Gen. Marshall S. Roth, ADC; 
Lt. Col. Gerhardt C. Clementson, Air 
Force Academy; Lt. Col. William A. 
Larson, ADC; Professor Harold W. 
Sibert, University of Colorado; Alan F. 
Bonnalie, United Lines, Inc.; 
Richard H. Frost, Stanley Aviation 
Corporation; W. G. Purdy, The Glenn 
L. Martin Company; and Richard B. 
Bosworth, Beech Aircraft Corporation. 

Professor K. D. Wood, of the Univer- 
sity of Colorado, was chosen Area 
Representative. 

The enthusiasm of our Section mem- 
bers is shown by the fact that many of 
them drove between 70 and 90 miles 
through a snowstorm to attend this 
meeting in Colorado Springs. We are 
looking forward to a sizeable expansion 
of the Section as soon as Martin and 
Ramo-Wooldridge move into the Den- 
ver area in force. The next meeting 
will be held at the Air Force Academy 
in Denver. 


ARTHUR W. GILMORE, Secretary 


Flying Platforms 
St. Louis Section 


On December 15 in a joint meeting 
with the St. Louis Section of the Ameri- 


Colonel 


can Helicopter Society, IAS members 
heard Col. William B. Bunker present 
a ‘‘state of the art’ review of one-man 
lift devices. Colonel Bunker is Com- 
manding Officer of the Army Transpor- 
tation Supply and Maintenance Com- 
mand, located in St. Louis, and Presi- 
dent of the AHS. 

Colonel Bunker pointed out that 
initially ‘‘one-man flying machines’’ 
represented a first design that was 
later destined to grow in size and carry 
ing capacity but that today there are 
many designs of individual lift devices 
that represent an end in themselves. 
He reviewed briefly the design and 
performance of the Goodyear GA-400, 
the Hoppicopter, the Hiller XH-32, 
the Rotor-Craft Pinwheel, the American 
Helicopter XH-26, the McDonnell XH- 
20, and the French Djinn. 

He described the DeLackner inverted 
rotor system, which uses a 44-hp. out- 
board motor to drive a 15-ft. diameter 
rotor, and contrasted it to the Hiller 
shrouded-propeller flying platform. 
The Hiller platform uses two 40-hp. 
engines to drive contrarotating pro 
pellers of 3'/.-ft. diameter. It is not 
considered to be a helicopter and has 
no fail-safe characteristics in the event 
of total power loss. The DeLackner 
and Hiller designs are known as ‘‘stand 
on’’ machines. 

In discussing the possible future 
use of individual lift devices by the 
Army, Colonel Bunker explained that 
the mission of the foot soldier is to hold 
a piece of ground or to take a piece of 
ground from an enemy. Since individ- 
ual lift devices have been considered 
primarily for use by the foot soldier, 
Colonel Bunker analyzed employment 


NEERING REVIEW—MARCH, 


of these devices as an aid in infantry 
maneuvers. He explained that a soldier 
must be on the ground to fulfill his 
mission. Mobility to and from the 
battlefield, if accomplished by individual 
machine, requires acquisition of and 
disposal of the machine, subsequent 
salvaging of the machine, additional 
specialized training of personnel, and 
limitation of use to volunteers receiving 
extra pay under existing military policy 
He stated that in his opinion there was 
no practical individual device today 
that solved the problem of movement 
and that a transport vehicle such as a 
large helicopter, airplane, or truck would 
be employed in preference to the one. 
man type of machine. 

It was brought out that the work to 
date on individual lift devices has been 
the result of pure research or of private 
financing wherein it was assumed that 
the attainment of satisfactory perform. 
ance would assure military acceptance— 
this without an absolutely clear under. 
standing of military requirements. 

Colonel Bunker felt that the develop- 
ment of a single-purpose, two-place 
machine was a much more desirable 
field of endeavor, since a full-time 
operator could transport a field com- 
mander as required with no demands of 
time or skill superimposed on the heavy 
battlefield duties of the commander. 
The two-place vehicle in the form of 
the jeep replaced the military motor- 
cycle for this reason. With improved 
methods of jamming radio communica- 
tions, the need for carrving written 
messages and making oral reports also 
becomes increasingly important. 

FREDERICK H. ROEVER 
Recording Secretar) 


San Diego Section 


“Clear Design Thinking Using the 
Aircraft Growth Factor’’ was the sub- 
ject of the paper delivered at the dinner 
meeting on December 13. William F. 
Ballhaus, Chief Engineer of Northrop 
Aircraft, Inc., made an excellent pre- 
sentation on the use of the growth 
factor in aircraft design. 

It was shown that the aircraft growth 
factor is a tremendously effective tod 
in both design and evaluation of design. 
Dr. Ballhaus indicated how the growth 
factor can be used to help determine 
the right combination of the important 
aerodynamic and structural variables 
and, finally, can be used to determine 
the minimum weight aircraft to meet 
any fixed requirements. 

R. L. Bayless, Chief Engineer d 
Convair-San Diego, served as technical 
chairman of the meeting and added to 
the presentation by his own comments 


R. A. FUHRMAN 
Corresponding Secretar) 
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San Francisco Section 


The dinner meeting on November 17 
was preceded by the usual social hour. 
Then Chairman Ed Quarterman intro- 
duced the speaker, Harold Adams, Chief 
Designer, Douglas Aircraft Company, 
who gave a talk on the Douglas jet 
transport—the DC-8. The talk was 
illustrated with slides and interesting 
sidelights on the design. 

In outlining his requirements for a 
jet air liner, Mr. Adams specified that 


the aircraft must, first, attract the 
passengers and, second, carry them 
economically. With speed and fare 


equal, safety, reliability, and comfort 
were the next most important features 
to go into the design of a transport 
airplane. 

Mr. Adams then discussed many of 
the features of the DC-8 in order to 
show how these points were carried 
out. Safety features included making 
an airplane that was easy to fly and 
that operated by easily maintained, 
dependable systems. Comfort features 
of the DC-8 include reduction in noise 
level through adequate use of sound 
insulation. A number of slides were 
shown and discussed comparing the 
DC-8 with the DC-7. A surprising 
fact was that operating costs in cents 
per 200 Ib. nautical mile were actu- 
ally less than for the DC-7 out to be- 
yond its maximum range. This econ- 
omy of operation also remained in 
favor of the DC-8 at short ranges down 
to about 200 miles. A typical New 
York-to-Los Angeles flight of the DC-8 
against a 43-knot headwind would be 
completed in 5 hours and 19 min. with 
a block-to-block speed of 404 knots. 
The take-off distance required would 
be 6,700 ft., and the landing distance 
would be 6,100 ft. 

Servicing considerations included pro- 
visions for removing all baggage and 
cargo in 5 min., allowing for sufficient 
clearance for baggage handling equip- 
ment to move freely underneath the 
airplane, and provisions for under- 
wing refueling. 

Dependability has been ensured by 
using further simplified and improved 
systems that were originally developed 
on the DC-6 and 7. Structural fatigue 
has been thoroughly studied on the 
DC-6 and 7 and this knowledge applied 
to the DC-8, making it free of fatigue 
problems. 

It was pointed out that one reason 
for the delay in introducing the DC-8 
was the lack of traffic potential. The 
increasing air traffic rate in billions of 
seat miles was displayed graphically, 
showing a rise from about 20 in 1940 
1945 to 80 in the past year. In terms 
of return per dollar invested, the 
DC-8 was shown to provide a greater 
return over the DC-7 at all passenger 
load factors. 
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Operating characteristics were 
summed up by stating that the DC-8 was 
designed to operate over the same air- 
ways and airports as our present trans- 
ports. The J-57 engine being used is 
one of proved reliability. Typical 
approach air speeds with 50° of flap 
were given as 145 knots on downwind, 
130 on base leg, and 115-117 over the 
fence. Twenty per cent more runway 
would be required by the DC-8 on a 
hot day, however, over the DC-7. 

Take-off noise will be reduced by 
using a corrugated jet nozzle. Primary 
fuel control will be mechanical. An 
a.c. electrical system supplied by dual 
alternators on each engine is to be 
used. The hydraulic system is an 
improved DC-6 -7 system. The land- 
ing gear has been designed to free-fall 
and lock by gravity. The rudder and 
ailerons are to be power-boosted, while 
the elevator will be tab-boosted. The 
ailerons will have a tab for standby 
operation, however. A flap lift-spoiler 
is to operate automatically upon land- 
ing to kill lift and aid braking. A 
thrust reverser will be incorporated 
also to decrease landing roll. Dive 
brakes for speed control will be similar 
to the fuselage brakes on the AD series. 

In summary, it was pointed out that 
all improvements in the DC-8 were 
evolutionary rather than revolutionary 
and as such should add to safety and 
reliability. 


> The San Francisco Section met in 
Palo Alto on October 20 for the regular 
dinner meeting. Chairman Ed Quar- 
terman introduced the speaker, Howard 
M. Mulder, Assistant Western Manager 
for Allison Division of the General 
Motors Corporation, who spoke on 
the T-54 turboprop engine. 

Mr. Mulder first described the engine 
as a 1,700-lb. unit, comprised of a 14- 
stage compressor and 4-stage turbine, 
turning at 13,800 r.p.m., and with a 
12.5 to 1 reduction to the propeller. 
It was rated at 5,000 equivalent s.hp. at 
600 knots. It was pointed out that 
the T-56 cruises at 85 per cent normal 
rated power as compared with 60 per 
cent NRP for the turbocompound 
engine. Fuel used is either JP-4 or 
kerosene. 

A decoupler is actuated at any time 
negative torque is applied to the pro- 
peller shaft in order to keep windmilling 
drag down to 200 hp. by preventing 
the propeller from driving the engine. 
A specially designed torquemeter was 
described which had been developed 
for this engine. A separate oil supply 
is provided for the propeller. Inexpen- 
sive 1010 steel replaceable burner 
liners are used which are automatically 
changed at overhaul. Automatic 
feathering is accomplished when the 
propeller loses positive thrust and 
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NEW A-C POWER 
TRANSFORMER 


First of J&H line... 
betters Spec MIL-T-9219 


Now in use on such leading 
aircraft as the Boeing B-47 
and Consolidated Diesel 
Electric’s and Beech’s MD-3 
ground power units, the Jack 
& Heintz GC150 wye-to-delta 
power transformer has 
passed all qualification tests. 
Designed to MIL-T-9219, the 
transformer offers a higher 
guaranteed efficiency and 
closer regulation than 
required by the specification. 


ENGINEERING DATA 


Rating 1.5 kva at 0.8 pf 


Primary Voltage ....... 200 volts L-L 


Secondary Voltage...... 115 volts L-L 


Guaranteed Efficiency (25°C ambient) 93% 


Regulation at Rated Lood....... 4% 


Five-Minute Rating . . . 2.25 kva at 0.8 pf 


One-Minute Rating . . . 3.75 kva at 0.8 pf 


Ambient Temperature . . -65°C to +71°C 


Weight 


For complete design details 
or for information concern- 
ing the availability of power 
transformers in other ratings, 
write Jack & Heintz, Inc., 
17632 Broadway, Cleveland 
1, Ohio. Export Dept., 13 E. 
40th St., New York 16, N. Y. 


©1956 by Jack & Heintz, Inc. 


Jacks 


AIRCRAFT 
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a new long life B& spark plug 


NEW 


one piece ceramic 
all weather top 


NEW 


ground electrode 
for long life 


NEW 


ceramic core design 
for anti-fouling 


The new BG platinum electrode spark plug — RB 39R — 
has now been CAA approved for Pratt & Whitney’s 
R4360, R2800, R2000, R1830 series engines. 


Designed in the tradition of quality established by BG, 
a leader in the field since 1917, the RB 39R features 
a new anti-fouling ceramic core design, an all weather top, 
and a new ground electrode design for long life. 


As an added service, BG maintains a facility for factory 
overhaul of all platinum electrode spark plugs. Factory overhaul 
combines economy with long life and trouble free service. 


the name that is first 

with aircraft engineering 
and maintenance personnel 
For information concerning 
the RB 39R and other BG 
products, write to: 


CORPORATION 
321 BROAD AVENUE * RIDGEFIELD, NEW JERSEY 


ANNOUNCING 


pushes back, compressing a_ special 
washer. 

The speaker then described briefly 
the new 100 million dollar Allison 
Research Center, dwelling mainly on 
the Endurance Test Cell and the 
Component Compressor Laboratory, 
He told of the tremendous vibrations 
experienced with the larger turboprops 
in the test cells. Compressor sections 
were tested using ram air from other 
special compressors. The turbines were 
checked at 120 per cent overspeed to 
ensure against wheel failure. 

Water injection was also described 
with reference to how it may be used, 
especially on hot days, to bring back 
performance to that for a standard 
day. 
> The first dinner meeting of the 
season was held September 22. Chair- 
man Ed Quarterman presided and intro- 
duced the speaker, Richard Gompertz, 
Chief of the Rocket Engine Test 
Laboratory at Edwards Air Force 
Base. 

Mr. Gompertz described, in an 
interesting and amusing manner, the 
history and problems associated with 
the early tests of the X-1 rocket engine 
and the growing need for suitable test 
facilities which finally resulted in the 
present Edwards Laboratory. A color 
movie on the rocket test activities was 
shown, followed by a more complete 
description of some of the equipment. 

It was pointed out that instrumenta- 
tion consisted primarily of 20-channel 
telemetering equipment and 8(-chan- 
nel consolidated oscillographs. Instru- 
mentation could be switched from one 
test to another in about 30 min. Fuel 
storage tanks were shown located some 
distance from the test stand. Prior 
to the actual running of a test, the 
fuel was transferred in smaller quanti- 
ties to the test stand. Nitrogen and 
helium at 3,000 psi were used for pres- 
surization and transfer of the fuel. It 
was of particular interest to learn that 
the necessary valves for transfer were 
all manually operated. Although he- 
lium was received by car load lot, liquid 
oxygen was obtained by the truck load 
and had to be handled rapidly to reduce 
the transmission loss. For example, 
transfer of 5,000 gal. in 25 min. results 
in a 30 per cent loss. The fire extin- 
guishing system was described. 
Because of all the problems associated 
with these operations, only one out of 
five runs was completely successful. 


Special problems associated with the 
very high temperatures both in and 
out of the rocket flames were discussed. 
These temperatures were 5,000°-7,000° 
in the flame and 4,500° on the concrete 
surface below the flame. The engines 
themselves were cooled by first passing 
the fuel around the engine before it 
entered the combustion chamber. 


\ 
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Combustion stability problems were 
pointed out as among the most severe. 
While striving for stability, in actual 
operation it was often a case of accept- 
ing the best that it was practical to 
obtain. It was pointed out that some 
tests may run into a year in the estab- 
lishment of steady flow conditions. 
Recent developments have made pos- 
sible the throttling of some engines 
down to 20 per cent of their thrust. 

Mr. Gompertz stated that there has 
been more interest in developing reli- 
ability than in increasing the specific 
impulse. 


GEORGE E. Cooper, Secretary 


THREE GREAT NAMES IN 


Twin Cities Section 

The December meeting was called to 
order by Vice-Chairman Hermann, 
with 50 members and guests in attend- 
ance. 

Three aeronautical films from the 
IAS film library were shown: NACA 
Pilotless Aircraft Research, Douglas Sky- 
ray Speed Runs, and D-588-2-Sky- 
rocket. 

New officers were elected as follows: 
Chairman, Dr. Rudolf Hermann, Uni- 
versity of Minnesota; Vice-Chairman, 
Tom Chase, Minneapolis-Honeywell 
Regulator Co.; Secretaries, Herb John- 
son, Research Incorporated, and Robert 


WITTEK 


clacobs 


Cessna 


WITTEK MANUFACTURING COMPANY 
4305-15 West 24th Place, Chicago 23, Illinois 


1956 


Holdahl, Flui-Dyne, Inc.; and Treas- 
urer, Art Jones, Minneapolis-Honey- 
well. 

Dr. Hermann reviewed the program 
for the remainder of the season and 
promised that, as Chairman, he would 
do his best to maintain the high stand- 
ards of the Twin Cities Section. 
> Helmut Heinrich was guest speaker 
at the November meeting. Dr. Hein- 
rich, a technical adviser to the Para- 
chute Branch of Wright Air Develop- 
ment Center, spoke on ‘“‘New Concepts 
of Parachute Design.”” He was intro 
duced by Dr. Hermann, then Vice- 
Chairman of the Section and an old 
friend. 

Dr. Heinrich introduced his discus- 
sion by observing that parachutes are 
used for a great variety of purposes 
because they have such a high efficiency. 
Among the uses named were saving 
men, delivery of equipment, recovery 
of guided missiles, drag brakes, and 
bomb stabilization. The three types 
of parachutes most used in the past 
include the circular flat chute (Ameri- 
can), the square flat (Russian), and the 
triangular flat (German). The insta- 
bility of these types has given rise to 
several new designs in use today. 

The new parachutes may be classified 
into two general groupings: the poros- 
ity chutes and the shaped chutes. The 
former consists of the conventional 
types named earlier which are of low to 
medium porosity and the ringslot and 
ribbon chutes which are of high poros- 
ity. Rotating parachutes comprise 
a special group that also falls into this 
classification. Ribbon chutes are com- 
posed of a series of spaced ribbons 
extending from the base of the chute 
to its apex. Ringslot chutes consist of 
a series of spaced circular ribbons. In 
either case, the high porosity tends to 
increase the inherent stability and 
reduce the opening shock. These 
chutes are widely employed as drag 
brakes, etc. Rotating parachutes have 
guide slots which cause rotation, thus 
expanding the chute further for greater 
drag. 

The shaped chutes may be further 
subdivided into the formed gore and 
the guide surface types. The formed 
gore chutes may be either semispherical 
or parabolic or may have extended 
skirts. These, too, are more stable than 
the basic types. The guide surface 
chutes utilize a partially closed open- 
ing. They are designed to particular 
configurations based upon wind-tunnel 
examinations of the flow patterns 
around them in such a manner that 
aerodynamic stability of a high ordei 
is achieved, even at supersonic veloci- 
ties. 

A number of variations of these basic 
types of parachutes may be found. 
They include steerable chutes, para- 
chute clusters, etc. Several variations 
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were also discussed, along with the 
particulars of parachutes used for spe- 
cifie purposes. 

Dr. Heinrich’s presentation was fol- 
lowed by a spirited question-and- 
answer session which was enhanced by 


IAS NEWS 


the comments of Major Oakley, an 
experienced parachutist from Wright 
Air Development Center. Robert Hoel 
presided. 
H. C. JOHNSON 
Recording Secretary 


STUDENT 


BRANCHES 


Agricultural & Mechanical 
College of Texas 


The December 6 meeting was held 
in connection with the annual Open 
House. Among those present were 
some 40 freshman students and 15 
Student Branch members. Chairman 
Robert C. Barlow introduced the 
speaker, Doyle T. Brooks, Chief of 
Structures at Temco Aircraft Corpora- 
tion, Dallas. 

Mr. Brooks discussed some of the 
aspects of a structural designer’s job 
in aircraft design. Among the high 
points in his talk were some of the 
design and analysis problems encoun- 
tered and the subsequent solutions to 
them. 

At the close of the meeting, E. E. 
Brush, Head of the Aeronautical Engi- 
neering Department, welcomed the 
new students and invited them to take 
part in the Open House program. 
After the meeting was adjourned, the 
freshmen were taken on a tour of the 
Aeronautical Engineering Department’s 
labs and test facilities. 

HARLEsS R. BENTHUL, Secretary 


Boston University 


A lecture and demonstration on the 
application of servomechanisms in air- 
craft highlighted the January 4 meet- 
ing. 

Herbert T. Wexler, advanced research 
engineer of Sylvania Electric Company’s 
Missiles Division, delivered a slide- 
illustrated lecture to student members 
and guests gathered at the Boston 
University Faculty Club. In his talk, 
he included basic concepts, definitions, 
and illustrations of servomechanisms. 
Much of his speech was devoted to an 
explanation of proportional, rate, and 
integral control, the three types associ- 
ated with servomechanisms. In addi- 
tion to this, a number of the capabilities 
and limitations of present-day servos 
were discussed. 

A demonstration of mechanical 
development apparatus for solving rota- 
tional problems was given by William 
A. McCutcheon, sales engineer, of 
Servomechanisms Incorporated, West- 


bury, N.Y. The main emphasis was 
directed toward the control of oscil- 
latory motion, a condition which occurs 
during the damping of a vibrating svs- 
tem. 


ANNE EVEREST, Secretary 


Massachusetts Institute of Technology 


On December 5 the M.I.T. Student 
Branch met to hear Paul E. Sandorff, 
Associate Professor of Aeronautical 
Engineering, give a thought-provoking 
talk on thermocontrol problems of space 
vehicles. He is currently in charge of 
a new course on orbital space vehicles 
which will be given this spring. 

In the talk, Professor Sandorff empha- 
sized the problem of dissipating the 
heat which a space vehicle may encoun- 
ter. By considering the radiation 
effects on a stationary sphere between 
the earth and the sun, as an example, 
it was pointed out that the sphere 
could reach very high temperatures, 
depending on its dimensions and com- 
position. A sphere made of aluminum 
would transmit the high-energy waves 
from the sun but would reflect the low- 
energy heat waves produced from 
within, causing the sphere to heat up. 
An increase in the size of the sphere 
would also aggravate the situation. 
The actual determination of the tem- 
perature and its gradient around the 
sphere was shown to be a tedious proc- 
ess because of the numerous variables 
that are involved. Possible solutions 
speculated that the vehicle would have 
to be small and thick-shelled or else 
employ a double shell for insulation if 
it were to be made of aluminum. In con- 
clusion, Professor Sandorff stated that 
this was still a new field and that there 
are many opportunities for those with 
a pioneering spirit. 

The Student Branch received a group 
picture from the Sikorsky Aircraft 
Division of United Aircraft Corporation 
depicting a plant tour which was 
taken on Armistice Day. 

The meeting was presided over by 
Chairman Herbert W. Gewehr with 
about 50 members present. 


PAUL OKAMOTO, Secretary 
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The Pennsylvania State University 


Eighty engineering students attended 
the December 14 meeting, as well as 
members of the Society of Automotive 
Engineers and American Society of 
Mechanical Engineers. 

Chairman James Tedeschi handed the 
meeting over to the speaker of the 
evening, W. J. Kaufman, Chief Engineer 
of the Naval Aircraft Factory. Mr. 
Kaufman described development work 
going on at the Naval Aircraft Factory 
and, in particular, launching and arrest- 
ing equipment for aircraft carriers. 
He presented his material in an inter- 
esting manner, first indicating the 
desired results, then mentioning several 
designs to achieve these results, and 
finally the problems involved in each 
design. Films and slides of various 
launching and arresting techniques were 
shown. 


PETERSON, Secretary 


University of Colorado 


Two Boeing representatives, James 
F. Schuelke and Jack R. Green, Sr., 
from Wichita, Kan., attended the 
December meeting. They exhibited a 
film, Boeing Presents, which described 
each type of plane Boeing Airplane Com- 
pany has produced, including the B-52. 

At the annual Slide Rule Follies 
presented by the Engineering School, 
each engineering department gave a 
skit. The IAS actors, coached by 
David Golobe, won first prize of $25 
and a bronze plaque. 


HAROLD J. BARTLESON, Secretary 


University of Illinois 


The fourth meeting of the Student 
Branch was held December 7, with 
165 persons attending. 

Professor Hilton introduced the 
speaker for the evening, Madison L. 
Ramey, Chief Structural Research Engi- 
neer of the McDonnell Aircraft Corpor- 
ation. Mr. Ramey’s talk was entitled 
“The Walking Voodoo,”’ or more spe- 
cifically, ‘‘A Problem in Landing Gear 
Dynamics Caused by Unstable Skid- 
ding Friction Experienced by the 
McDonnell F-101 Voodoo.” i 

This “walking” of the airplane was 
first noticed by test pilots. When the 
airplane is braked, the tires alternately 
adhere and break loose, causing the 
landing gear to vibrate, sometimes 
violently. When this was first dis- 
covered, M.A.C. ran ground tests on 
the F-101 at various speeds and at 
braking attitudes with the oleo strut 
normally and fully extended. The 
films of these tests were shown at the 
meeting. The Voodoo used in these 
tests had a spar torn loose in one wing 
and rivets loose in the other wing, and 
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the nose skin was buckled from the 
vibrations encountered. Mr. Ramey 
stated that in modern aircraft design 
it is impossible to predict all such hap- 
penings as this skidding phenomenon. 
M.A.C. had not encountered this 
specific trouble on its previous fighters 
(all Navy) possibly because of the 
larger stiffness of the Navy design 
criteria as compared with those of the 
Air Force. 

Some of the possible solutions to this 
problem were discussed. The first is 
to ‘‘beef-up’’ the structure to take the 
vibrations. With this, however, come 
the penalties of weight, space, and lost 
production time. The second method 
is the use of a damping drag strut on 
the gear. Most drag struts are rigid 
links, but, with the damping drag 
strut, the vibrations set up by the skid- 
ding might be short-lived. This second 
method also has the weight and size 
penalties and in addition would require 
frequent service. The third and most 
promising solution is that of using anti- 
skid brakes. These would tend to 
prevent sliding. 

At the present time M.A.C. is setting 
up a laboratory test program using a 
simulated wing and an actual gear. 
With this setup, all data for possible 
methods of solution can be taken with- 
out damage to an actual F-101 similar 
to that incurred by the first test. 

The fact that this problem was yet 
unsolved led to an interesting discussion 
period which closed the meeting. 

ROBERT J. SHANAHAN, Secretary 


University of Kentucky 


A Student Branch of the IAS was 
formed at University of Kentucky on 
November 21. Karl O. Lange, AFIAS, 
Director of the Aeronautical Research 
Laboratory at the University, called 
the organization meeting after receiv- 
ing requests from twelve students who 
wanted to join the IAS. 


These members of the IAS Student Branch at Massachusetts Institute of Technology were 
guests of the Sikorsky Aircraft Division of United Aircraft Corp., Bridgeport, Conn., on a 
plant tour last fall. 


Under the temporary chairmanship 
of Professor Lange, by-laws and govern- 
ing rules were discussed and adopted, 
and Jack Cyrus was elected Chairman 
of the Student Branch by acclamation. 

Professor Lange was elected Honorary 
Chairman; Robert Reed, Vice-Chair- 
man; and Walter Blackson, Secretary- 
Treasurer 


1956 


Wendell Norman was named Chair- 
man of the Meetings Committee. The 
Secretary-Treasurer was instructed to 
submit petitions for recognition to the 


IAS and to the faculty of the University, 


WALTER BLACKSON 


Secretary-Treasurer 


ELECTED 


The fi ving 


j 
nave been adn 


Elected to Associate Fellow Grade 
Bain, Walter G., B.S., V-P & General 
Mgr., Republic Aviation Corp. 
Douglas, Donald W., Jr., V-P 
Relations, Douglas 
(Santa Monica 

Fieldgate, Ivan O., B.Sc., Asst. Dir. 
Research, Specialties, Inc. 

Lischer, Alan A., B.S.C.E., Chief 
Struct., Helicopter Engrg. Div., McDon- 
nell Aircraft Corp 

Mueller, Hans F., Dr. Tech. Sc., Aero 
Engr., Aircraft Div., Hughes Tool Co. 

Ramey, Madison L., B.S.C.E., Chief 
Struct. Research Engr., McDonnell Air- 
craft Corp 

Truckenbrodt, Erich, Dr. Ing., Leader, 
Aerodynamics Dept., Ernst Heinkel Mo- 
torenbau GmbH (Germany). 

Weil, Kurt H., Dipl. Ing., Asst. to Pres., 
The Frye Corp 


Military 
Aircraft Co., Inc. 


Transferred to Associate Fellow Grade 

Arata, Winfield H., Jr., B.S. in Engrg., 
Chief Operations Engr., Fairchild Air- 
craft Div., Fairchild Engine & Airplane 
Corp. 

Cole, Franklyn B., Jr., B.S. in C.E., 
Mgr., Mech. Engrg. Dept., Engrg. Lab., 
Lockheed Aircraft Corp. (Burbank). 


applicants for membership or 
tted since the publication of the list in the last issue of the Review. 


applicants for change of previous grades 


Dilworth, John A., III, M.S. in Aero,, 
Pres., Consulair. 

Nicolaides, John D., M.S.E., 
Ballistician, BuOrd., Navy Dept. 

Pepper, Edward, B.S. in M.E., Proj 
Engr., NADC (Johnsville). 

Ribner, Herbert S., Ph.D., Research 
Assoc., Institute of Aerophysics, Univ. of 
Toronto. 


Chief 


Elected to MEMBER Grade 


Andrews, Hal A., B.S., Supvr.—Struct 
Eval. Tests, Physical Test Lab., McDon- 
nell Aircraft Corp. 

Archer, John S., Sc.D., Sr. Struct 


Engr., Convair, Ft. Worth, A Div. of 
General Dynamics Corp. 

Bagdanovich, M. P., B.S., Consultant 
& R&D Engrg., Harvey Machine Co., 
Inc. 

Bartling, William E., B.S. in Chem 
Engrg., V-P—R&D, The Flying Tiger 
Line, Inc. 

Beauregard, Robert E., B.S. in E.E, 
Tech. Specialist, General Electric Co 
(Evendale). 

Branstrom, Donald F., B.S.M.E., Engr 
—Advanced Proj., General Electric Co. 
(Cincinnati). 

Braun, Max T., B.S., Struct. Engr. 
“A,”’ Proj. Stress Unit, Boeing Airplane 
Co. (Seattle). 

Brown, Nicholas M., Design Engr., 
McDonnell Aircraft Corp. 

Camlin, John H., Western District 
Mgr., Sundstrand Aviation Div., Sund- 
strand Machine Tool Co. 

Carr, John H., M.S. in M.E., Sr. Re- 
search Engr., Jet Propulsion Lab., Cali- 
fornia Institute of Technology. 

Coover, George B, B.S.G.E., Applica- 
tion Sales Engr., General Electric Co. 
(Lynn). 

Crafton, Paul A., M.S., Sect. Head— 
Mech. Engrg., NRL (Washington, D.C.). 

Dostie, Gerard L., Designer ‘“B,” 
Lockheed Aircraft Corp. (Burbank). 

Doyle, Lawrence J., B.S.C.E., Proj. 
Test Engr., McDonnell Aircraft Corp. 

Fannon, Marcy B., B. of Ae.E., Supvr. 
—Engrg. Aerodynamics, Trans World 
Airlines, Inc. 
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NGIN 


JOIN IN THE DEVELOPMENT 


...and 
win a 
strategic 
place 

in a new 
industry 
of major 


significance 


OF NUCLEAR POWERED 


This is a great endeavor —to adapt nuclear power to aircraft propulsion. When 


final success is achieved, it will change the face of aviation. 


Practically every phase of physical science and engineering knowledge has 
been drawn upon to assemble the group of expert professional men working on 
this project with General Electric (the company engaged in more areas of 


atomic development than any other. ) 


Important advances have been made. Activities continue to expand. More R & D 
men are needed. Engineers and scientists with alert, vigorous minds, equipped 


with vision, skill and determinatiorr of the first order. 


If you are qualified to contribute to the solution of problems involved in develop- 
ing nuclear power plants suitable for aircraft, the new openings at GE offer you 


significant opportunities for professional advancement. 


POSITIONS OPEN AT THE FOLLOWING LOCATIONS: 
Cincinnati, Ohio ¢ Idaho Falls, Idaho 


IN ENGINEERING: - ALSO IN: : 


Structural « Reactor + Reactor Aerodynamics + Physics + 


Design Nuclear Nuclear Thermodynamics « Physical: 
Power Plant + Electrical +! Chemistry + Metallurgy 
Mechanical + Electronic + + Mathematics 


Chemical « Ceramic 


Your personal progress will be promoted in every way at GE. Through 
company sponsored courses, through contact with acknowledged leaders in 
atomic development. Through grants for graduate study leading to advanced 


degrees. And through a firm promotion-from-within policy. 


Address reply to location you prefer. 


Mr. W. J. Kelly » General Electric Co. Mr. L. A. Munther » General Electric Co. 
P.O. Box 132, Cincinnati 15, Ohio P.O. Box 535, Idaho Falls, Idaho 


AIRCRAFT NUCLEAR PROPULSION DEPT. 


GENERAL @@ ELECTRIC 
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Guy, Lawrence D., B.S., Aero. Research 
Scientist, NACA, Langley AFB. 

Haffner, Alfred, B.S.E.E., Physical 
Test Engr., McDonnell Aircraft Corp. 

Harp, James L., Jr., B.S., Aero. Re- 
search Scientist & Proj. Engr., Full- 
Scale Turbojet Engine Research Proj., 
NACA (Cleveland). 

Heitmeyer, John C., B.S. in Math. & 
Ae.E., Aero. Engr—Supervisory, Devel. 
Work, Lockheed Aircraft Corp. (Bur- 
bank). 

Holliday, John T., Jr., B.S.M.E., Gen- 
eral Foreman, Physical Test Lab., Dept. 
254, McDonnell Aircraft Corp. 

Irwin, Donald W., Hydraulics & Pneu- 
matics Engr., McDonnell Aircraft Corp. 

Johnson, James L., B.S.M.E., Test 
Engr., Physical Lab., McDonnell Aircraft 
Corp. 

Kallal, George W., A.B., Design Engr., 
McDonnell Aircraft Corp. 

Koch, Charles J., B.S. in M.E., Chief, 
Aerodynamics Sect., The Glenn L. Martin 
Co. 

Kuska, Milton, B.S., Chief—Missile 
Field Test, Northrop Aircraft, Inc. 

Lahman, Roger W., B.S. in M.E., 
Supvr.—F3H Test, 2nd Shift Physical 
Lab., McDonnell Aircraft Corp. 

Lang, William, B. of Ae.E., Struct. 
Engr., Stress Analyst, Bell Aircraft Corp. 

Lappi, U. Oscar, M.S. (Applied Mech.) 
Aero. Research Engr., Member, Tactical 
Air Group, Cornell Aeronautical Labora- 
tory, Inc. 


New 


NEERING REVIEW 


Lavender, Robert E., M.S. in Ac.E., 
Acting Chief, Aerodynamics Branch & 
Devel. Engr., TFSO, OML, Redstone 
Arsenal 

Lee, Travis B., Service Engr., Fairchild 
Aircraft Div., Fairchild Engine & Airplane 
Corp. 

Lowry, Robert K., B.S.M.E., Devel 
Engr Prelim. Design Group, Controls & 
Accessories Div., Marquardt Aircraft Co 

Lynch, Francis R., B.S. in Applied 
Electronics, Electromech. Staff, 
Dept. 253, McDonnell Aircraft Corp. 

Mahon, James L., B.S.C.E., Engrg. 
Group Supvr., Weber Aircraft Corp 

McBee, Owen B., B.S.C.E., Proj. 
Strength Engr., McDonnell Aircraft Corp. 

McCarthy, Robert V., B.S. in Ae.E., 
Sr. Member—Tech. Staff, R.C.A. Aviation 
Systems Laboratory. 

McGuire, William V., B.S. in Ae.E., 
Sr. Engr.—Extreme Temperature & Fluid 
Mechanics, Physical Lab., McDonnell 
Aircraft Corp 

McQuiston, George J., B.S. in Ae.E., 
Aero. Engr.—Guided Missile R&D, Ray- 
theon Manufacturing Co. 

Mendrala, Joseph, B.S., Supvr. 
Turboprop Sect., Engine Div., Naval Air 
Turbine Test Station. 

Meyer, J. Dean, B.S., Sales Megr.- 
Airframe Equipment, Bendix Aviation 
Corp. 

Miller, John E., M.S., Capt., USAF; 
Instructor—Automatic & Fire Control 
Subjects, USAF, Institute of Technology. 


Supvr. 


-MARCH, 
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Muldrow, Erdice B., B.S.M.E., Supvyr. 

Lab. Staff, McDonnell Aircraft Corp 

Netherton, Vernon E., B.S., F-101A 
Wing Group Leader, McDonnell Aircraft 
Corp. 

Norem, Allan G., Ph.D., Struct. Engr, 
Aerophysics Development Corp. 

Pandolfi, Tony, B.S.M.E., Test Engr., 
McDonnell Aircraft Corp. 

Phipps, John M., B.S. in Ae.E., Appli- 
cations Engr., Meleiron Corp 

Procter, George E., Ae.E. (Tech.), 
Weights Engr., McDonnell Aircraft Corp 

Pucci, Paul F., Ph.D., Sr. Thermo- 
dynamics Engr., Convair, San Diego, A 
Div. of General Dynamics Corp 

Rechtien, Henry C., Jr., B. of M.E., 
Proj. Group Engr.—Dynamics, McDon- 
nell Aircraft Corp. 

Rehani, Mohammad A., B.Sc., F/O 
R.P.A.F.; Flying Officer, Tech. Engrg. 
Branch, Royal Pakistan Air Force. 

Rombach, James C., B.S.E. (Math.), 
Engr.—Dynamics, McDonne!l Aircraft 
Corp. 

Root, Robert E., Plant Mgr., R&D 
Labs., Govt. Prod. Div., Rheem Manu- 
facturing Co. 

St. Clair, Raymond L., B.S. in M.E., 
Design Engr., McDonnell Aircraft Corp. 

Smith, Leroy H., Jr., Dr. of Engrg. 
Compressor Aerodynamics Engr., General 
Electric Co. (Cincinnati). 

Smith, William R., M.A., Dynamics 
Engr., McDonnell Aircraft Corp. 


CHEMICAL MILLING PROCESS 


An entirely new approach to aircraft and 
missile design is now possible because of a 
revolutionary process for milling or machining 
by controlled chemical etching. 


United States Chemical Milling Corporation 
| has successfully processed parts of varied 
shapes and contours—with greater speed and 
\ economy than by previous methods. Complex 
contoured shapes, spheres, cones, sharp 
corners —all are handled with ease. 
Any part which can be immersed in a liquid 
can be chemically milled. 
Machining restrictions on size or shape of part, 
| direction of cut, or radius of cutter are now 
eliminated through chemical milling by USCM. 
Think how this broadens your design 
possibilities! Contact our engineering department 
for consultation on how this new process can help 
: you. TECHNICAL BROCHURE AVAILABLE 
3 ... write for your free copy today. 


BT!ONS OF MACHINING ARE ELIMINATED 
EMOVING METAL WITH CHEMICALS 


uUlsic|M 


UNITED STATES CHEMICAL MILLING CORPORATION © 
9999 W. Jefferson Boulevard, Culver City 1, California 


Photos (left-to-right) show chemical milling of air intake duct skins: (1) As 
received at USCM. (2) Covered with maskant. (3) Areas to be milled are 
exposed. (4) Completed part, weight reduced one-third. 
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THE NEW MODEL 3 


AUTOGRAF 


trade mark 


The Model 3 AUTOGRAF X-Y Recorder incorporates the proven features 
of the Model 2 in a compact instrument, ideal for use with standard 
812" x 11” graph paper. Rugged, accurate, fast, and stable, the Model 
3 provides facilities for curve drawing and curve following with full 


visibility of the recording while in operation. 


e@ Ranges: 5 mv up to 500 volts, full scale. 


e Independent, isolated inputs, free of ground. 


eSpeeds: Up to % second. full scale. 


eResolution 0.1%; accuracy and resolution 0.25%. 


MODEL 1 


@ 200,000 ohms/volt input resistance. 


eZero set and one full scale length 
zero offset, both axes. 


e Liquid ink or ball point pens. 


MODEL 2. 


The addition of the Model 3 to the Moseley AUToGRaF line gives you 


three X-Y recorders to choose from: 


MODEL 1 
Drum type 
8%" x 11” paper 
X-Y Recorder- 
Curve Follower ; 


MODEL 2 MODEL 3 
Flat-bed Desk Type 
11” x 16%” paper 8%" x 11” paper 
X-Y Recorder- X-Y Recorder- 


Curve Follower- 


Curve Follower 


Point Plotter 


More than 1000 AuToGraFs are in use in laboratories, univer- 
sities, and industrial plants throughout the U.S. and overseas. 


SEL 


©, 


Bulletins describing these instru:nents 
are available and we'll be glad 
to send them to you. 
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Sonnenberg, William L., MBA, Market. 
ing Research & Product Planning Engr 
Aircraft Product Dept., General Electric 
Co. (Johnson City). 

Starbird, George A., B.E., Pres., Mele. 
tron Corp. 

Sutton, George W., Ph.D. in ME, 
Sr. Scientist—Missiles, Missile Systems 
Div., Lockheed Aircraft Corp 

Treffeisen, Donal R., M.E. (Servo. 
mech.), Engr.-Group Leader, Flight 
Control Dept., Sperry Gyroscope Co. 
Div. of Sperry Rand Corp 

Van Kregten, Anthony, Production 
Design Engr., ‘“A,’’ Lockheed Aircraft 
Corp. (Burbank). 

Waters, Everett W., B.S. in M.E., Unit 


Supvr.—Aircraft Gas Turbines, Genera] 
Electric Co. (Evendale) 

Whitehead, John L., Jr., B.S. Indus. 
trial Engrg., Capt., USAF; Chief—Flight 


Test & Operations; Rep., AF Proj, 
Northrop Aircraft, Inc. 

Williams, Ben W., Engrg. Drawings 
Checker “‘A,”’ Douglas Aircraft Co., Inc 
(Long Beach). 

Yopp, William B., B.E.M.E., Designer 
“A,” Air Frames, Douglas Aircraft Co., 
Inc. (El Segundo). 

Ziemer, Robert R., B.S. in M.E., Aero 
Research Scientist, NACA (Cleveland). 


Transferred to MEMBER Grade 


Adamson, Thomas C., Jr., Ph.D. in 
Ae.E., Assoc. Research Engr., Engrg 
Research Inst. & Lecturer, Dept. of Aero 
Engrg., Univ. of Michigan 

Alcorn, Norvin E., Aerodynamic Engr., 
Coleman Engineering Co 

Ball, John B.M.E Aero.), 
Capt., USAF; Aero. Engrg. Proj. Officer, 
B-47, Operational Engrg. Sect., MacDill 
AFB. 

Ballentine, Don C., Ae.E., Flight Test 
Engr., Research Analysis Group, Convair, 
San Diego, A Div. of General Dynamics 
Corp. 

Bradfield, Ganey W., A.A. in Ae.E,, 
Sr. Design Engr., Convair, Ft. Worth, A 
Div. of General Dynamics Corp. 

Cafarella, Frank J., B.S. in Ae.E., Aero- 
dynamicist—Performance, Prelim. Design 
Proj., North American Aviation, Inc 
(Columbus). 

Carl, John G., M.S.E., Lt 
Maint. Officer, VP-11, USN 

Cass, William C., B.S. in Ae.E., 
—Flight Load Calibration & 
Tests, F-101 Proj. Test Sect., 
Aircraft Corp. 

Clements, Harry R., M.S. in Ae.E., 
Supvr.—Aerodynamics, Military Div., 
Cessna Aircraft Co. 

Enders, William H., M.S. in Ae.E,, 
Sect. Head—Missiles, R&D Group, Engrg 
Dept., Aeronca Manufacturing Corp 

Falanga, Ralph A., B.S., Research 
Scientist—Jet Effects Group, Pilotless 
Aircraft Research Div., NACA, Laigley 
AFB. 

Frazer, Henry W., B.S. in Ae.E., Ma- 
terials Engr., Aerophysics Development 
Corp. 

Friedlander, Frank, M.S., Test Proj 
Group Engr., Cooperative Wind Tunnel, 


& Asst 


Supvr 
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ars for Aviation and Missile Engineers 
Uni 
ie It’s natural that a long-time leader in aviation, like Republic—with many firsts to its credit — 
should be a leader, too, in providing for the welfare of its staff. Right in line with this forward- 
looking policy is the remarkable new Republic Retirement Income Plan. Here is how it works: 


ndus- 
‘light 
Proj., 


PART 1 is a basic Retirement Income plan paid for entirely by Republic Aviation. 


Inc PART 2 is a cooperative effort. It is completely optional. But if an engineer 
. wishes to increase his retirement fund, by making a small monthly payment, 
yy Republic will MORE THAN MATCH his contribution. 

Aero 


Take the case of a hypothetical engineer who joins Republic on January Ist, 1956, averages 
$8,000 a year for 15 years; then retires aged 65. If he elected PART 2 of the plan, he will have 
le a total monthly retirement income of $225.80, including his social security. For this he himself 


D. in will contribute only $8.50 a month to the Republic Retirement Income Plan. 


d). 


Aero 
Of course, the MORE YOU EARN, the HIGHER your Retirement Income will be. And 
ngr., Republic pays a top salary scale in the industry. 
), 
flicer, .. RETIREMENT PLAN JUST ONE OF MANY PLUS FACTORS POINTING TO A REPUBLIC CAREER 
acDill FIRST —there’s the interest and prestige of the Research and Development Program has 
‘ working for a pioneer in aircraft design, cre- just been announced. 
est ator of such famous planes as the F-84 Thun- - ' 
ave derjet, the F-84F Thunderstreak, RF-84F THIRD Pia All-Expense Paid Relocation Plan 
mics for qualified engineers living outside the New 
Thunderflash and XF-84H. (Soon to be fol- : : 
a : York City and Long Island areas, which makes 
lowed on the production line by the new F-103, 
Ac.E., F-105 and RF-105.) it easy to move to Republic. Other liberal bene- 
th, A : fits: Life, Accident and Health Insurance; 
SECOND —the company is expanding sharply, Hospital-Surgical Benefits for the whole fam- 
Aero- providing frequent opportunities for able men ily; educational aid covering % the cost of 
— to advance. In fact a $12,000,000 increase in collegiate and graduate study. 
Asst Serve your own best interests. Make full inquiries into the many advantages of joining 
Republic now, not the least of which is living on Long Island—the Playground of the East. 
Supvr 
wc Important engineering positions are now open at all levels: 
: STAFF ENGINEERING SYSTEMS ELECTRO-MECHANICAL STRESS 
oe PRELIMINARY DESIGN MATHEMATICAL DESIGN AIRCRAFT DESIGN 
IV., ELECTRONICS ANALYSES FLIGHT TEST Se 
WEAPONS SYSTEMS AERODYNAMICS 
PROPOSALS TECHNICAL WRITING THERMODYNAMICS 
Engrg OPERATIONS RESEARCH DYNAMICS FLUTTER & VIBRATIONS Mechanical 
p. 
search 
lotless Please address complete resume 
angley outlining details of your technical background to: 
WN 
Proj AIRCRAFT MISSILES 
“unnel, Assistant Chief Engineer, Administration, Mr. R. L. Bortner Administrative Engineer, Mr. Robert R. Reissig 


Farmingdale, Long Island, N. Y. Hicksville, Long Island, N. Y. 
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AMPHENOL captivated contacts 
remain in fixed position 

in those instances where 
extreme temperature changes 
may cause cable shrinkage. 


NEW RELIABILITY. Captivated contact RF connectors 
meet a longstanding need created by the increased 
use of cable under extreme temperature fluctuations. 
Teflon dielectric cable, particularly, will ‘shrink’ un- 
der these conditions, causing ordinary connector 
contacts to pull away. In new AMPHENOL captivated 
contact RF connectors the contact is firmly anchored 
within the connector shell. Even under great ex- 
tremes of hot or cold the contacts remain fixed in 
position, assuring circuit continuity. 

Captivated contact RF connectors mate with RG- 
87/U teflon dielectric cable and RG-8/U, 9/U and 
10/U polyethylene dielectric cable. Plugs, jacks and 


panel jacks are now available in N and HN series. 


Send for CAPTIVATED CONTACT 
PRODUCT BULLETIN for full 
information. 


PHENOL 


AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 
AMPHENOL CANADA LIMITED, toronto 9, ontario 


eatent PeNpING 


Captivated contact 
RF connectors are a 
totally new design 

by AMPHENOL. 
U.S. Patent is now 
pending. 


California Institute of Technology. 
Hakkinen, Raimo J., Ph.D. in Aero, 
Research Staff Member, Fluid Dynamics 
Research Group, Massachusetts Institute 
of Technology. 
Hornburg, Robert C., 
Struct. Sect., 
(El Segundo). 
Huntington, William S., M.S. in AcE, 
Aerodynamicist, Boeing Airplane (Co, 
(Seattle). 
Martin, Richard E., M.S. in 
Sr. Dynamics Engr., 


B.S., Designer, 
Douglas Aircraft Co., Inc 


Ac.E., 
Convair, San Diego, 


A Div. of General Dynamics Corp. 
Matarazzo, Aniello, B. of Ae.E., Aero. 
dynamicist, Republic Aviation Corp 
Paolini, August M., B.S. in AcE, 
Group Leader—Helicopter Test Proj, 
McDonnell Aircraft Corp. 
Raymond, Joseph L., M.S.E., Assoc 
Engr.—Aerodynamics, The RAND Corp 
Sandell, Robert W., B. of Ae.E., Engr. 


—Design, North American Aviation, Inc 
(Los Angeles). 

Schier, Joseph F., A.A., Sr. Engr.— 
Strength, McDonnell Aircraft Corp 

Sipe, Oscar E., Jr., M.S. in Ae.E., 
dynamicist, Northrop Aircraft, Inc 

Stottlemyer, Paul C, M.S 
Asst. Prof., College of 
Univ. 

Young, Robert W., B.S.M.E., 
Douglas Aircraft Co., Inc 


Aero- 


in Engrg. 
Engrg., Duke 


Designer, 
(El Segundo). 


Elected to Associate Member Grade 


Kerns, James C., Engrg. Staff Asst., 
Ryan Aeronautical Co. 
Pollard, Frank B., Writer, 
Development Corp. 
Ripley, Robert C., Chief Inspector, 
Shafer Bearing Div., Chain Belt Co 


Aerophiysics 


Transferred to 
Associate Member Grade 
Feazier, Donald N., 


Officer, Pan American 
Inc. (New York). 


Flight 
World 


Engineer 
Airways, 


Elected to Technical Member Grade 


Anthony, Gilbert C., M.S. in EE, 
Engr., Airborne Electronic Equipment, 
Air Arm Div., Westinghouse Electric 
Co. (Baltimore). 


Bauman, Thomas A., B.S., Test Engr., 


Physical Test Lab., McDonnell Aircraft 
Corp. 
Borgmann, Eloise K., B.A., Techn. 
Analyst, McDonnell Aircraft Corp 
Carlson, John M., A.A., Capt., USAF; 
Experimental Flight Test Pilot—Bomber 
Operations Branch, AFFTC, Edwards 


AFB. 
Coleman, Bart O., Jr., B.S. in Ac.E,, 
Stress Engr., McDonnell Aircraft Corp. 


Crawley, William L., Engr. 
McDonnell Aircraft Corp 

Devan, Leroy, M.S., Struct. Engr., 
McDonnell Aircraft Corp. 

Esterman, Harold L., B.A., Air Loads 


Engr., McDonnell Aircraft Corp 
Ferrante, Anthony J., B.S., Struct. Dy- 


namicist, McDonnell Aircraft Corp. 


Fulton 
McDonr 
Giller 
Engr., 
Harris 
Engr.— 
Inc. (Sat 
Hasty. 
W-P AF 
Holle, 
Training 
Corp. 
Hylto1 
Douglas 
John, 
Asst., F 
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perimen 
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Melo} 
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Nicho 
dynamic 
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Noell, 
Engr., 
O’Bri 
Engr., 
Price, 
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tle). 
Redel 
Aero., . 
craft Ce 
Schm 
Engr., } 
Sedgl 
Analyst 
Seifer 
Analysi: 
Stone 
Engr., 
Willis 
dair, Lt 
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Beck 
The Gl 
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Test 
of Gene 
Bomt 
Jr. Ens 
can Avi 
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Airlines 
Burk 
North 
Angeles 
Castl 
USAF. 
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Hail 
Engr.— 
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Dy- 


Fulton, Sammy, B.S., Design Engr., 
McDonnell Aircraft Corp. 

Gillerman, Joseph B., B.S.M.E., Test 
Engr., McDonnell Aircraft Corp. 


Harris, Robert B., B.M.E., Assoc. 
Engr.—Aircraft, Douglas Aircraft Co., 
Inc. (Santa Monica). 

Hasty, Paul L., A.M., Proj. Engr., 


W-P AFB. 

Holle, Glenn F., Test Proj. Engr. in 
Training, Allison Div., General Motors 
Corp. 

Hylton, J. Carl, B.S., Designer “A,” 
Douglas Aircraft Co., Inc. (El Segundo). 

John, Madeline E., B.S. in Chem., Tech. 
Asst., Flutter & Vibrations Group, Mc- 
Donnell Aircraft Corp. 

Konrad, Thomas G., B.S.Ae.E., Ex- 
perimental Design Engr., Allison Engines, 
Inc. 

Meloy, Thomas P., A.B., Engr., Jet 
Engines, General Electric Co. (Cincin- 
nati). 

Nicholson, Kenneth F., 
dynamicist ‘‘A,” 
Inc. (Long Beach). 

Noell, Orville A., B.S. in E.E., Test 
Engr., McDonnell Aircraft Corp. 

O’Brien, Lawrence G., B.M.E., Test 
Engr., McDonnell Aircraft Corp. 

Price, Jack E., B.Sc., Struct. Devel. 
Engrg. Aide, Boeing Airplane Co. (Seat- 
tle). 

Redelsheimer, Sigmund M., M.S. in 
Aero., Aerodynamicist, McDonnell Air- 
craft Co. 

Schmidt, Gerald J., B.S., Physical Test 
Engr., McDonnell Aircraft Corp. 


M.S., Aero- 
Douglas Aircraft Co., 


Sedgley, Donald B., B.S. Engrg. 
Analyst, Turbo Research Corp. 
Seifer, Joel M., Struct. Engr.—Stress 


Analysis, McDonnell Aircraft Corp. 
Stone, James R., Instrumentation 
Engr., McDonnell Aircraft Corp. 
Willis, Stanley E., Sr. Draftsman, Cana- 
dair, Ltd. 


Transferred to 
Technical Member Grade 

Becker, Eric E., B.A.E., Assoc. Engr., 
The Glenn L. Martin Co. 

Bishop, Joe O., B.S. in Ae.E., Flight 
Test Engr., Convair, Ft. Worth, A Div. 
of General Dynamics Corp. 

Bombardier, Gerald D., B. of Ac.E., 
Jr. Engr.—Aerodynamics, North Ameri- 
can Aviation, Inc. (Los Angeles). 

Brick, James E., Asst. Engr., American 
Airlines, Inc. (Tulsa). 

Burkhardt, Clyde S., Jr. Engr.—Design, 


North American Aviation, Inc. (Los 
Angeles). 
Castle, Delano D., B.S., 2nd Lt., 
USAF. 


Chudyk, Donald W., Operations Engr.— 
Wind Tunnel, Cornell Aeronautical Lab- 
oratory, Inc. 

Gulick, Martin M., Experimental Jr. 
Test Engr., Lycoming Div., Avco Manu- 
facturing Co. 

Hailey, William C., B.S. in Ae.E,, 
Engr.—Missile Systems, Waltham Labs., 
Sylvania Electric Products, Inc. 


IAS NEWS 


Horsley, Arthur S., B.S.M.E., Mech. 
Engr., Design Test Lab., Hughes Air- 
craft Co. 

Lauria, Don C., B.S., Jr. Engr., North 
American Aviation, Inc. (Los Angeles). 

Looney, William D., B. of Ae.E., Assoc. 
Engr.—Aero., Lockheed Aircraft Corp. 
(Burbank). 

Nelson, Harold E., Jr., Jr. Design Engr., 
Equipment Group, Ryan Aeronautical 
Co. 

Nelson, John R., B. of Ae.E., Program 
Engr., General Electric Co. (Schenectady ). 

Noble, Richard K., Jr. Engr.—Design, 
North American Aviation, Inc. (Los 
Angeles). 

Quint, Philip B., B.S. in Ae.E., Engr., 


| 
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Explosion-proof 
vacuum unit. 


Aircraft windshield 
wiper motor. 


A rugged high-torque, 
high-speed motor. 


Hg 


Struct. Loads Group, Convair, Ft. Worth, 
A Div. of General Dynamics Corp. 


Ray, William T., B.S., Flight Engr., 


Pan American World Airways, Inc. 
(Idlewild). 
Simmonds, Arthur W., Jr. Aerody- 


namicist, Cessna Aircraft Co. 

Stricklin, James A., B.S., Assoc. Air- 
craft Engr., Lockheed Aircraft Corp. 
(Marietta). 

Theleman, Donald R., Research Engr. 
—Air Safety Engr., Northrop Aircraft, 
Inc. 

Trippodi, Joseph V., Design Engr. 
Aircraft, North American Aviation, Inc. 
(Los Angeles). 


(Continued on page 173) 


HORSEPOWER 


motor-driven products 


The unexcelled performance of Lamb Electric 
Motors in many types of industrial, commercial 
| and domestic products is evidence of their 
| Outstanding quality. 


Dependability and efficiency (optimum weight- 
size-horsepower ratio) are features that result 
from proper design and careful manufacture by 
personnel having many years of experience in 
the small motor field. 


May we demonstrate how Lamb Electric Motors 
can bring these advantages — and also perhaps 
lower costs — to your products? 


THE LAMB ELECTRIC COMPANY « KENT, OHIO 


In Canada: 
Sangamo Company Ltd.—Leaside, Ontario 


Lamb Electric — Division of 


ractionat Horsepower MOTORS 
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IS THE 
WORLD'S LARGEST 
PRODUCER OF 
READY-TO -INSTALL 
POWER PACKAGES 


FOR AIRPLANES but that's only part of the Rohr Story 


ROHR has won fame for becom- 
ing the world’s largest producer 
of ready-to-install power packages 
for airplanes like the all-jet Boeing 
B-52, the Douglas DC-7 and other 
great military and commercial 


planes. 
But the whole ROHR story is in 
millions of parts, for in 
addition to power 
packages ROHR builds 
; over 30,000 other dif- 
ferent parts for aircraft 
of all kinds. 


When you want aircraft parts better, 
faster, cheaper ...callon ROHR 
and the ROHR engineering skill 
and production know-how gained 
from building thousands of power 

packages—and millions of other aircraft parts. 
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Aeronautical Reviews 


Tuis SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 
sTracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering world-wide scientific and techni- 
cal literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 

A key to the abbreviations used for titles 
of periodicals and report series is published 
semiannually, in the January and July 
issues. 

The AERONAUTICAL ENGINEERING IN- 
pEXx, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LENDING SERVICES: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64 Street 


New York 21, New York 


INTERNATIONAL AERONAUTICAL ABSTRACTS. 


Al Guide to the Current Literature o 
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129 
163 


Subject Index to Periodicals & Reports 


Acoustics, Sound, & Noise 

Aerodynamics 
Boundary Layer & Thermoaerody- 

Fluid Mechanics & 
Theory. 
Internal Flow..... 
Performance.... 
Stability & Control 
Wings & Airfoils...... 

Aeroelasticity 

Aeronautics, Generel. 

Air Transportation 

Airplane Design. 
Operation & Performance 

Aviation Medicine. 
Human 

Computers. . 

Education & Training. 

Electronics. . 

Antennas. . 
Circuits & Components 
Communications 
Construction Techniques. . 
Cooling... 
Crystals. . . 
Dielectrics. 
Electronic Controls... . 
Electronic Tubes... 
Magnetic Devices. 
Measurements & Testing... 
Navigation, Aids. . 
Networks. 
Noise & Interference........... 
Oscillators & Signal Generators. . 
Radar..... 
Semiconductors. . 
Transmission Lines. .. 
Wave Propagation. .. 
Equipment. . 
Electric. . 

Flight Operating Problems 
Cruise Control & Piloting... 
Weather & Climate....... 

Fuels 


Ice & Prevention 
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116 


Instruments 
Automatic Control... .. 
Flow Measuring Devices. . 
Pressure Measuring Devices..... 
Temperature Measuring Devices. .. 
Machine Elements...... 
Gears & Cams..... 
Materials 
Corrosion & Protective Coatings. . 
Metals & Alloys. . 
Metals & Alloys, Nonferrous 
Nonmetallic Materials 
Testing..... 


Photography. ..... 

Power Plants 
Jet & Turbine....... 
Reciprocating. . . 
Rockets... 

Production..... 
Metalworking. . 
Nonmetalworking. . 
Production Engineering 


Refueling in Flight...... 
Rotating Wing Aircraft... .. 
Space Travel..... 
Structures 
Beams & Columns...... 
Connections.......... 
Cylinders & Shells... .. 
Elasticity & Plasticity. . 
Thermal Stress... .. 
Weight & Control. . 
ings. 
Thermodynamics. . 
Combustion. . 
Vertical Take-Off Aircraft. 
Water-Borne Aircraft... .. 
Wind Tunnels & Research Facilities. . 
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Acoustics, Sound, and Noise 


Evaluation of the Noise Field Around 
Jet-Powered Aircraft. Murray Kamrass 
and Karl D. Swartzel. (SAE Golden 
Anniv. Aero. Meeting, New York, Apr 
18-21, 1955, Preprint 510.) Noise Con- 
trol, Nov., 1955, pp. 30-39, 54. Experi- 
mental investigation of the propagation 
phenomena relating the dependence of the 
attentuation of sound upon temperature, 
wind velocity, humidity, nature of nearby 
boundaries, and turbulence distribution 
between transmitter and receiver, with 
graphical analyses of noise effects in 
terms of human-tolerance criteria. 


Aerodynamics 


Boundary Layer and Thermoaerodynamics 


Flight Measurements of Aerodynamic 
Heating and Boundary Layer Transition on 
the Viking 10 Nose Cone. R. B. Snod- 
grass. Jet Propulsion, Dec., 1955, pp. 
701-706. 14 refs. 

Measurements in the Boundary Layer 
on a Smooth Flat Plate in Supersonic 
Flow. I—The Problem of the Turbulent 
Boundary Layer. II—Instrumentation 
and Experimental Techniques at the Jet 
Propulsion Laboratory. II—Measure- 
ments in a Flat-Plate Boundary Layer at 
the Jet Propulsion Laboratory. Donald 
Coles. CIT Jet Propulsion Lab. Rep. 
20-69, 20-70, 20-71, June 1, 1953. 37, 22, 
43 pp. 158 refs. 

On the Model of the Free, Shock-Sepa- 
rated, Turbulent Boundary Layer. Artur 
Mager. J. Aero. Sci., Feb., 1956, pp. 181- 
184. 13 refs. Postulation of the occur- 
rence at a certain pressure ratio of the 
free shock-separation of the turbulent 
layer to obtain an estimate of the pressure 
rise from the theoretical model, with the 
results applied to the prediction of sepa- 
ration in an overexpanding nozzle. 

Transition Studies and Skin-Friction 
Measurements on an Insulated Flat Plate 
at a Mach Number of 5.8. Robert H. 
Korkegi. J. Aero. Sci., Feb., 1956, pp. 
97-107, 192. 37 refs. USAF-Army- 
sponsored investigation in the GALCIT 
5 X 5 in. Hypersonic Wind Tunnel using 
a phosphorescent lacquer technique for 
transition detection, results of which 
compare favorably with those of total 
head rake measurements along the plate 
surface and of pitot boundary-layer sur- 
veys. 

Improving Lift by Boundary Layer 
Control. John S. Attinello. (SAE 
Golden Anniv. Aero. Meeting, New York, 
Apr. 18-21, 1955, Preprint 512.) Inter- 
avia, Dec., 1955, pp. 925-927. Abridged. 
Survey of the relative merits of control 
methods, including suction of the de- 
celerated layer into the inside of the air- 
craft, acceleration of the layer by blowing 
fresh air over the rear portion of the 
wing, and the combination of suction and 
acceleration. 


Fluid Mechanics & Aerodynamic Theory 


Contributions to the Theory of Stokes 
Waves. S. C. De. Proc. Cambridge 
Philos. Soc., Oct., 1955, pp. 713-736. 11 
refs. 

Fluid Dynamic Effects at Speeds from 
M = 11 to 15. Seymour M. Bogdonoff 


and Andrew G. Hammitt (IAS 23rd 
Annual Meeting, New York, Jan. 24-27, 
1955, Preprint 525.) J. Aero. Sct., Feb., 
1956, pp. 108-116, 145. USAF-sponsored 
investigation in a helium hypersonic blow- 
down type wind tunnel at the Princeton 
U. Gas Dynamics Lab. of the phenomena 
of viscous and inviscid interactional ef- 
fects over the fore part of a flat plate, two 
wedges, and a column using schlieren and 
interferometric techniques, with calcula- 
tions of the pressure distributions. 

The Stability of the Flow of an Elec- 
trically Conducting Fluid Between Parallel 
Planes Under a Transverse Magnetic 
Field. R. C. Lock. Proc. Royal Soc. 
(London), Ser. A, Dec. 6, 1955, pp. 105 
125. 14 refs. NPL Aerodynamics Div 
investigation of the effect on laminar flows 
for the case of a magnetic field perpendic 
ular to direction of motion and to the 
boundary planes. 

An Experimental Investigation of Flow 
About Simple Blunt Bodies at a Nominal 
Mach Number at 5.8. Robert Earl Oliver 
J. Aero. Sci., Feb., 1956, pp. 177-179 
Tests in the GALCIT Hypersonic Wind 
Tunnel at free-stream Reynolds Numbers 
per in. of 0.6 X 105, 1.2 X 105, and 2.4 X 
105. 

On the Influence of the Geometry of 
Slender Bodies of Revolution and Delta 
Wings on Their Drag and Pressure Dis- 
tribution at Transonic Speeds. Appendix 
I—Chosen Geometrical Systematic of the 
Form of Bodies of Revolution. Appendix 
II—Linear Theory: The Velocity-Dis- 
tribution on Bodies of Revolution in Sub- 
sonic and Supersonic Flow. Appendix 
III—Contribution of the Pressure to the 
Drag (Linear Theory, M, = \/2). Ap- 
pendix IV—Approximation of the Subsonic 
Stagnation Flow Near the Trailing Edge. 
Friedrich Keune and Klaus Oswatitsch. 
USAF OSR TN 55-364, 1955. 34 pp. 
16 refs 

On the Sonic Drag of a Slender Body. 
John W. Miles. J. Aero. Sci., Feb., 1956, 
pp. 146-154. 12 refs. An evaluation of 
the wave drag in a flow over a body in a 
sonic free stream, divided into subsonic 
and supersonic regions, through a match- 
ing of linearized theory with the asymp- 
totic Guderley and Yoshihara solutions 
for the sonic line. 

Some Results of Linearized Transonic 
Flow About Slender Airfoils and Bodies of 
Revolution. P. F. Maeder and H. U 
Thommen. J. Aero. Sci., Feb., 1956, pp. 
187, 188 

Viscous Flow Along a Flat Plate Moving 
at High Supersonic Speeds. Y. H. Kuo 
J. Aero. Sci., Feb., 1955, pp. 125-136 
16 refs. CIT Jet Propulsion Center in- 
vestigation of the basic problem to derive 
solutions for the viscous and inviscid fields 
and the interaction between these two 
fields of flow, as the leading edge shock 
with the boundary layer. 

An Experimental Study of One-Dimen- 
sional Shock Wave Refraction. C. A. 
Ford and I. I. Glass. J. Aero. Sci., Feb., 
1956, pp. 189-191. Tests using the 3 X 3 
in. UTIA wave interaction tube with 
nitrate dope microfilms and single and 
double mechanical slides to separate air 
from helium in the channel, and with 
measurements taken on schlieren records 
of the wave transmission to verify the 
double refraction theory. 
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To the 


ENGINEER 
of high 
ability 


AiResearch is looking for 
your kind of engineer. 
Through the efforts of engineers 
like yourself our company has 
become a leader in many | 
outstanding aircraft accessory 
fields. Among them are: 
air-conditioning and 


pressurization, heat transfer, 
pneumatic valves and controls, 


electric and electronic controls, | 
and the rapidly expanding 


field of small turbomachinery. 


AiResearch is also applying | 
this engineering skill to 


the vitally important missile 
accessory field. 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your 
creative talents and offer you 
the opportunity to progress 

by making full use 

of your scientific ability. 
Positions are now open for 
aerodynamicists... mechanical 
engineers... physicists... 
specialists in engineering 
mechanics...electrical engineers 
...electronics engineers. 

For further information write 
today to Mr. Wayne Clifford, 
THE GARRETT CORPORATION 
9851 S. Sepulveda Blvd, 

Los Angeles 45, California. 
Indicate your preference 
as to location between 
Los Angeles and Phoenix. 


CORE ORATION 

AiResearch 
Manufacturing 

Divisions 


CEI 
BRAII 
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vidin; 
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ratio, 
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in one system 


Here is a system that provides for the most efficient aircraft 
‘Clifford, operation. It supplies all pertinent air data information to the flight 
nena engineer and pilot, or automatically makes in-flight 

da Blvd,| CENTRAL AIR DATA COMPUTER adjustments. Similar systems are available for missiles. 
BRAIN OF THE AIRESEARCH SYSTEM The air data computer system is one of many integrated systems 
reference] Complete system functions include pro- completely engineered and manufactured by AiResearch. In the field 
between, Yiding true airspeed, true angle of attack of aircraft systems and integrated components, AiResearch has more 


“ngineers 
ngineers. 
ion write 


alifornia. 


Phoenix.) 2" Yaw: relation to Mach number, development, manufacturing, operational and service 
density and rate altitude, engine pressure 


ratio, true dynamic and static pressure, 
cruise control and other factors. 


experience than any other company. 


+ Qualified engineers in the fields listed below are 
needed now. Write for information. 


CORPORATION 
AiResearch Manufacturing Divisions 


IONS Los Angeles 45, California « Phoenix, Arizona 
» Designers and manufacturers of aircraft systems and COMPONENTS; REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


ATION 


rch THE 
acturing 
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MARS outstanding design SERIES 


3 stages to space 


The designs that will make news tomorrow are still 
in the “bright idea” stage today—or perhaps projects 
under development like this three-stage, two-man space 
ship. Drawn by Fred L. Wolff for Martin Caidin’s 
“Worlds in Space,” the rocket craft would start out as 
shown in the reverse drawing at left, shed its propulsion 
boosters in two stages as fuel is exhausted, and end up 
as the trim plane-like ship at right. Ship is planned to 
orbit a hundred miles above earth, return safely after 
one to two days. 


No one knows what ideas will flower into reality 
But it will be important in the future, as it is now, to 
use the best of tools when pencil and paper translate a 
dream into a project. And then, as now, there will be 
no finer tool than Mars—sketch to working drawing 
Mars has long been the standard of professionals 
‘Yo the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, anc 
Tradition-Aquarell painting pencils, have recently been 
added these new products: : the Mars Pocket-Technic 
for field usc; the efficient Mars lead sharpencr and 
“Draftsman’s” Pencil Sharpener with the adjustabl« 
point-length feature; and — last but not least — th 
Mars-Lumochrom, the new colored drafting pencil c 
which offers revolutionary drafting advantages. Phe “| 
fact that it blueprints perfectly is just one of its man a 


INC. G22) MARS LUMOGRAPA 


important features. 


~ 


at all good engineering and drawing material suppliers 


The 2886 Mars-lumograph drawing pencil, 19 Lheoe 
degrees, EXEXB to 9H. The 1001 Mars-Techn 

push-button lead holder. 1904 Mars-Lumograp 
imported leads, 18 degrees, EXB to 9H. Mars- | 
Lumochrom colored drafting pencil, 24 colors 


co | 


INC. 


HACKENSACK, NEW JERSEY 


> 
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GERMANY 
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Improved Wave Diagram Procedure for 
Shock Reflection from an rer End of a 
Duct. George Rudinger. Appl. Phys., 
Nov., 1955, pp. 1,339-1, fee USAF. 
ONR-OOR-sponsored derivation under 
Project SQUID of a relationship in terms 
of the empirical formula 


¢ ( O.677 ) 
D 0.90 = 1 1.08) —-3.8 


covering the duct diameter, shock pres 
sure, and ratio of specific heats 

The Normal Motion of a Shock Wave 
Through a Non-Uniform One-Dimen- 
sional Medium. R. F. Chisnell. Proc 
Royal Soc. (London), Ser. A, Nov. 8, 1955, 
pp. 350-370. 

Reflection of a Compression Wave from 
a Symmetrical Wedge. R. W. Skulski 
and D. Weimer. J. Appl. Phys., Nov., 
1955, pp. 1,344-1,352. 13 refs.  Inter- 
ferometric study to determine the limit of 
regular reflection and the behavior of 
waves beyond it and in oblique reflection 

Unsteady Flow Behind Expanding 
Shock Waves. Donald E. Wilcox and 
Alexander Weir, Jr. Jet Propulsion, Dec., 
1955, pp. 714, 715. Experimental in- 
vestigation at the U. of Mich. Aircraft 
Propulsion Lab. using spark schlieren 
photographic technique of the growth of 
the spherical shock wave as a function of 
time and the nature of the unsteady con- 
vective flow behind the waves 


Internal Flow 


Cascade Tests on a Series of Profiles 
with Prescribed Pressure Distributions. 
Tosio Kawasaki and Tadashi Satd 
J. Japan Soc. Aero. Eng., Aug., 1955, pp 
177-183. 14 refs. In Japanese. De- 
velopment of profiles similar to those of 
the isolated NACA 6409 and 6412 airfoil 
sections from results of tests on five 
blades in the low speed cascade tunnel 

Compressible Subsonic Flow in Two- 
Dimensional Channels. II—The Ap- 
plication of the Theory to Problems of 
Channel Flow. L. C. Woods. Aero 
Quart., Nov., 1955, pp. 254-276 

The Growth of Secondary Circulation in 
Frictionless Flow. W. R. Hawthorne 
Proc. Cambridge Philos. Soc., Oct., 1955, 
pp. 737-743. 

Heat Transfer in Pipe Flow at High 
Speeds. J. E. Bialokoz and O. A. Saund- 
ers. Chartered Mech. Engr., Dec., 1955, 
pp. 496-498. Abridged. Experimental 
measurements at 1.24-4.35 x 10° Rey- 
nolds and 1.6 Mach Numbers taking into 
account the influence of shock waves and 
the adverse pressure gradient in subsonic 
flow. 

Induction System Selection. Appendix 

Analytical Comparison of Isentropic In- 
ternal and External Compression Inlets. 
Harry Drell and Thomas A. Sedgwick. 
IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 594. 15 pp. 
Members, $0.50; nonmembers, $0.85 
Analysis of inlet flow and drag character- 
istics optimized for a given design flight 
Mach Number in terms of typical engine 
performance. 

Performance and Boundary-Layer Data 
from 12° and 23° Conical Diffusers of 
Area Ratio 2.0 at Mach Numbers up to 
Choking and Reynolds Numbers up to 
7.5 X 10% B.H. Little, Jr., and Stafford 
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Preprints of 24th Annual Meeting Papers Currently Available 


Effect of Spanwise and Chordwise Mass 
Distribution on Rotor Blade Cyclic 
Stresses—H. Hirsch, R. E. Hutton, 
and A. Rasumoff. 

Guided Missile Propulsion —T. Keating. 
Helicopter Blade Vibration and Flutter 
R. H. Miller and C. W. Ellis. 

An Investigation of Effects of Certain 
Types of Structural Nonlinearities 
on Wing and Control Surface Flutter— 
D. S. Woolston, H. L. Runyan, and 
R. E. Andrews. 

An Experimental Study of the Response 
of Simple Panels to Intense Acoustic 
Loading—L. W. Lassiter, R. W. Hess, 
and H. H. Hubbard. 

Noise, Vibration, and Aircraft Struc- 
tures—Arthur A. Regier. 

Crash Fire Prevention—Research to 
Flight Test—E. R. Zeek and |. J. 
Hammill. 

Stagnation Point of a Blunt Body in 
Hypersonic Flow—Ting-Yi Li and 
Richard E. Geiger. 

The Impact_of Electronic Equipment on 
Electric Generator Design and Aircraft 
Power Plants—Henry Rempt and M 
J. Cronin. 

Cooling Procedures Necessary to Avi- 
onic Reliability—J. P. Welsh. 

Helicopter Flight Trainer—Luis de Florez 
and E. K. Smit 

A Discussion of Helicopter Vibration 
Studies Including Flight Test and Anal- 
ysis Methods Used to Determine the 
Coupled Response of a Tandem Type— 
John E. Yeates, Jr. 

Reverse Thrust, Vertical Lift, and Side 
Force by Means of Controlled Jet- 
Deflection—Leonard Meyerhoff and 
Stanley A. Meyerhoff. 

Integrated Flight Equipment System with 
a Primary Emphasis on the Instrumen- 
tation and Controls—C. F. Fragola 
and M. A. Sant Angelo. 

Heat Transfer Characteristics of a Hemi- 
sphere Cylinder at Hypersonic Mach 
Numbers—Eva M. Winkler and J. E 
Danberg. 

An a of the Ducted Pro- 
peller of s VIOL Transport Airplane 
—James A. O'Malley, Jr. 

Analytical Determination of the Nat- 
ural Coupled Frequencies of Tandem 
Helicopters—G. Brooks. 

On the Flutter of Swept Wings—Peter 
F. Jordan. 

Some Design Considerations for Tear- 
Resistant Airplane Structures—Arne 
Sorenson. 

Recent Developments in the Theory of 

ing-Body Wave Drag—H. Lomax 


Aircraft Electronic Equipment Con- 
toured vs. Standard—R. J. Henderson 
and G. P. Allison. 

Prediction of Downwash at Various 
Angles of Attack for Arbitrary Tail 
Locations—J. L. Decker. 

Some Aerodynamic Considerations of 
Nozzle-Afterbody Combinations— 
E. M. Cortright, Jr. 

Common System Development, 1956— 

lames L. Anast. 

The Problem of Cooling Electronic 
Equipment in High Performance Air- 
craft—N. A. Carhart. 


“Experimental Investigation of Leading 


Edge Shock Wave-Boundary Layer 
Interaction at Speeds— 
James M. Kendall, 

Project VANGUARD_—The IGY Earth 
Satellite—Rear Admiral F. R. Furth. 

Dynamic Considerations Relating to the 
Behavior of Inertial Space-Stabilized 
Platforms—E. Gorczycki. 

A Precision Servo-Type Thermocouple 
Temperature Indicating System— 
George H. Cole. 
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Price 


Safety and Economic Aspects of Flight 
F. Bonnalie. 

A Two-Dimensional Approximation to 
the Unsteady Aerodynamics of Rotary 

ings—R. Loewy. 

Transient Stresses in Airfoils Subjected 
to Blast Loading—F. J. Marshall and 

. Ludloff. 

Optimelizing Cruise Control for Turbo- 
jet Aircraft, Part I—W. B. Bryant, Y.T. 
Li, and H. L. Pastan and Programmed 
Cruise Control for Turbojet Aircraft, 
Part II—M. A. Hoffman, Y. T. Li, and 
A. J. Navoy. 

Mass Flowmeter Summation System— 
Clarence A. Haskell. 

Investigation of Whirl Test Methods for 
Inducing Flight Fatigue Loads in Heli- 
copter Rotors—C. F. Rice. 

Design and Flight Test Development of 
McCulloch VS-57 Supercharger In- 
stallation on Hiller Model UH- 4 
Helicopter—R. D. Collins, R. 
Cowsill, and R. H. David. 

Navy Requirements for Air Navigational 
Aids, Communications Facilities, and 
Air Traffic Control 1955-1975—H. 
|. Rothrock. 

Examination of Some of the Problems 
Involved in the Design of Propeller- 
Driven Vertical-Take-Off Transport 
Airplanes—M McKinney, R. 
Kuhn, and J. B. Hammack. 

A Study of the Transition of Turbu- 
lence of the Laminar Boundary Layer 
at Supersonic Speeds—Ronald F. 
Probstein and C. C. Lin. 

The Effect of Blade Root Properties on 
the Natural Mode Shapes, Bending 
Moments, and Shears of a Model 
Helicopter Rotor Blade—H. Daughe- 
day and F. DuWaldt 

Induction System Selection—Harry Drell 

nd Thomas A. Sedgwick. 

Air Traffic Facts—A. D'Arcy Harvey. 

Probe Measurement of Pressure Dis- 
tribution on Oscillating Wings in 
Supersonic Flow—Erik Mollo-Chris. 
tensen, Robert L. Halfman, and S. 

ean Lewis. 

my: of Weather Forecasting, 

ight Planning, and Flight Watch— 
Thomes L. Burkett and Irving I. 
Gringorten. 

Demonstration of Reliability in Liquid 
Propellant Rocket Engines—A. G. 
Thatcher and H. A. Barton. 

Delay of the Stall by Suction Through 
Distributed Perforations—A. Raspet, 
J. J. Cornish, Ill, and G. D. Bryant. 

Structural Behavior of Seaplane Hull 
Bottom Plating—J. W. Cox 

Effect of Rib Flexibility on the Vibration 
Modes of a Delta Wing Aircraft— 
Wilhelmina D. Kroll. 

The Turbine Propeller Combination in 
al Force—Lt. Colonel Roy J. 

All Weather Flight Concern of the 
Pilot and Weather Forecaster—James 
K. Thompson. 

Implications of Convective Cloud Ob- 
servations with Regard to Flight Oper- 
ations with Airborne Radar—Louis 

. Battan. 

Minimal Flight Paths from Forecasts of 
the Joint Numerical Weather Pre- 
diction Unit—Frank Lewis. 

The Display of Hail Echoes on 5.5 

eather Mapping Radar—Henry 
T. Harrison. 
Approximate Procedures for Transient 
hermal Stresses in Missile Structures 
—B. E. Gatewood. 

Investigation of the Temperature Dis- 
tribution and Thermal Stresses in a 
Hypersonic Wing Structure—Martin 

. Goldberg. 

Thermal Stresses and Deformations in 

Beams—Samuel Levy. 
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W. Wilbur. (U.S., NACA RM L9H10, 
RM L9K10, RM L50C02a, 1950.) U.S., 
NACA Rep. 1201, 1954. 23 pp. Supt. 
of Doc., Wash. $0.25. 

Heat Transfer to an Incompressible 
Turbulent Boundary Layer and Estimation 
of Heat-Transfer Coefficients at Super- 
sonic Nozzle Throats. Merwin Sibulkin. 
J. Aero. Sci., Feb., 1956, pp. 162-172. 
12 refs. USAF-Army-sponsored investi- 
gation at the CIT Jet Propulsion Lab., 
deriving an approximate solution for the 
heat transfer to the turbulent layer with 
arbitrary free-stream-velocity sur- 
face-temperature distributions, with the 
results applied to the analysis of flow 
problems of supersonic nozzles. 

Thrust Characteristics of Underex- 
panded Nozzles. Franklin P. Durham. 
Jet Propulsion, Dec., 1955, pp. 696-700. 
NOTS-sponsored investigation at the 
U. of Colo. using two basic de Laval de- 
signs of 1/2 in. throat diameter and 15° 
exit semiangle cone. 


Performance 


Optimal Trajectories in the Horizontal 
Plane. I, II. Hermann Behrbohm. 
SAAB TN 33, 34, Mar. 15, Apr. 16, 1955. 
24, 22 pp. 10 refs. Investigations of 
brachistochrone flight paths in three di- 
mensions. 


Stability & Control 


The Derivation and Use of Aerody- 
namic Transfer Functions of Airframes. 
I—Aerodynamic Transfer Functions of 
Airframes. II—Open Loop Responses of 
Airframes. III—Closed Loop Perform- 
ance of Auto-Pilots. F. R. J. Spearman. 
J. RAeS, Nov., 1955, pp. 743-761. A- 
nalysis of the aerodynamic characteristics 
in terms of the relationships between input 
and output for each of the three separate 
planes of motion: roll, pitch, and yaw. 

Stabilisation of the Aeroplane in Sym- 
metric Flight at Zero or Very Small Air 
Speeds. Appendix I. Appendix II- 
Gyroscopic Yawing Couple Due to Pitch- 
ing of the Aircraft. W. S. Coleman. 
Aero. Quart., Nov., 1955, pp. 295-328. 
Investigation of the problem of the pos- 
sible use of jet thrust as a source of lift 
in terms of the requirements of longi- 
tudinal symmetric motion with the auto- 
matic control force responsive to the angu- 
lar displacement and velocity in pitch. 

A Study of the Problem of Designing 
Airplanes with Satisfactory Inherent 
Damping of the Dutch Roll Oscillation. 
John P. Campbell and Marion O. McKin- 


ney, Jr. (U.S., NACA TN 3035, 1953.) 
U.S., NACA Rep. 1199, 1954. 18 pp. 
Supt. of Doc., Wash. $0.20. 
Wings & Airfoils 

Equations for the Loading, Section 


Pitching-Moment Coefficient and Center- 
of-Pressure Distributions on Triangular 
Wings Having Supersonic Leading and 
Trailing Edges for Various Basic Camber 
Distributions. Julian H. Kainer. J. 
Aero. Sci., Feb., 1956, pp. 1387-145. 

Lift and Lift Distribution of Wings in 
Combination with Slender Bodies of Revo- 
lution. H. J. Luckert. (CAI Ist Annual 
Gen. Meeting, Toronto, May 20, 1955, 
Preprint.) Can. Aero. J., Dec., 1955, pp. 
205-217. 12 refs. Development of a 


practical analogical method covering the 
whole range of wing aspect ratios and 
ratios of body width to wing span 

Zero-Lift-Drag Characteristics of Wing- 
Body Combinations of Transonic Speeds. 
Richard T. Whitcomb. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 601 7 pp. Members, $0.35; 
nonmembers, $0.75 


Aeroelasticity 


Calculating Rocking Response of Vi- 
bration-Isolated Equipment. Walter W 
Soroka. Prod. Eng., Dec., 1955, pp. 162 
167. Analysis of dynamic responses for 
rocking motion in two degrees of free- 
dom; influence of various types of forces 
on displacement and velocity; numerical 
examples and time-displacement curves 
of a machine under force impulses of vari- 
ous durations 

Drgania Podtuzne I Poprzeczne Preta 
pod Dziataniem Pulsujacej Sity Osiowej 
jako Zagadnienie Nieliniowe (Longitudi- 
nal and Transversal Vibrations of a Rod 
Subjected to Axially Pulsating Force, 
Taking Nonlinear Members into Con- 
sideration). Kazimierz  Piszezek. 
Arch. Mech. Stosowanej (Warsaw), No. 3, 
1955, pp. 345-362. 10 refs. In Polish, 
with summaries in English and Russian. 

Experimental Pressure Distributions on 
Oscillating Low Aspect Ratio Wings. 
William R. Laidlaw and Robert L. Half- 


man. (JAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 499.) 
J. Aero. S Feb., 1956, pp. 117-124, 


176. 14 refs. NavBuAer-sponsored in- 
vestigation in the MIT 5 X 7!/2 ft. Low- 
Speed Flutter Wind Tunnel at a constant 
air speed of 90 m.p.h., with the models 
mounted on the MIT-NACA airfoil os- 
cillator for shaking the wing in sinusoidal 
motions at frequencies between 2-15 cycles 
per sec., to measure the distribution of 
lifting pressure over the surface of low 
aspect ratio wings oscillating in an incom- 
pressible flow 

Probe Measurements of Pressure Dis- 
tribution on Oscillating Wings in Super- 
sonic Flow. Erik Mollg-Christensen, 
Robert L. Halfman, and S. Dean Lewis. 
IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 591. 15 pp. 
Members, $0.50; nonmembers, $0.85. 

Stress Distribution, Instability, and Free 
Vibration of Beam Grid-Works on Elastic 
Foundations. Hugh L. Cox and Paul H. 
Denke. J. Aero. Sci., Feb., 1956, pp. 
173-176 

Strip Theory for Oscillating Swept 
Wings in Compressible Subsonic Flow. 
W. Eckhaus. Netherlands, NLL Rep. 
F. 159, Oct., 1955. 14 pp. 12refs. Anal- 
ysis for the general case of a lifting sur- 
face of arbitrary shape. 

Thermally Induced Vibrations of Beams. 
Bruno A. Boley. J. Aero. Sci., Feb., 
1956, pp. 179-181. 10 refs. ONR-sup- 
ported analysis of the behavior of a 
simply supported rectangular beam one 
of whose sides is subjected to a sudden 
application of heat, taking into account 
the effect of inertia to determine the de- 
flections oscillating at the lowest natural 
frequency of the beam about the static 
ones obtained, neglecting the inertia of 
the beam 


MARCH, 


1956 


The Treatment of Damping Forces in 
Vibration Theory. I. R. E. D. Bishop 
J. RAeS, Nov., 1955, pp. 738-742. Study 
of the hysteretic or structural damping 
for forced oscillations with one degree of 
freedom. 

Wave Motion in Plastic-Elastic Strings, 
J. W. Craggs. J. Mech. & Phys. Solids, 
June, 1954, pp. 286-295. Derivation of a 
general theory providing for the equations 
of motion of an extensible string for 
transverse waves of amplitude large 
enough to affect the tension 


Aeronautics, General 


National Advisory Committee for Aero- 
nautics: Forty Years of Research. I. 
J. C. Hunsaker. Sperryscope, Fourth 
Quarter, 1955, pp. +-8 


Air Transportation 


Air Traffic Facts. A. D’Arcy, Harvey 
IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 592. 8 pp 
Members, $0.35; nonmembers, $0.75 
Summary data covering population and 
economic aspects, types and directions of 
traffic movements, business flying, and 
instrumentation approaches 

Guide to the World’s Air Lines; 
World’s Air Line Results—1954. Th 
Aeroplane, Nov. 25, 1955, pp. 816-839 

Some Applications of Poisson’s Dis- 
tribution on the Air Transportation Prob- 
lems. Y. Murakami, T. Fujinami, and 
T. Nishikori. J. Japan Soc. Aero. Eng., 
July, 1955, pp. 147-150. In Japanese 
Poisson's statistical method applied to the 
prediction of stock levels of spare parts 
and to time-scheduling in terms of de- 
lays due to shortage of usable aircraft 


Airplane Design 


All-Weather Spearhead. The -lero- 
plane, Dec. 2, 1955, pp. 858-863. Design, 
development, fabrication, and __ testing 
problems of the delta-wing Gloster Javelin 
with two Armstrong Siddeley Sapphire 
turbojet engines. 

Aviolanda AT-21; Aviolanda’s Radio- 
vliegtuig Gaat Thans Spoedig de Lucht in! 

AT-21 Voor Talrijke Toepassingen Ge- 
schikt. Avia Vliegwereld (Netherlands), Dec 
8, 1955, pp. 668-671, cutaway drawing 
Design, structural, and performance char- 
acteristics of the AT-21, featuring special- 
ized components and radio equipment. 

Bristol Olympus; the Western World’s 
Most Powerful Production Turbojet. 
Flight, Dec. 9, 1955, pp. 869-876, cutaway 
drawings. Design, developmental, fabri- 
cational, and performance characteris- 
tics, with experimental data on opera- 
tional conditions related to the efficiency 
of the compounded axial compressor 
system. 

The Edgar Percival P.9; Famous Name 
Returns to the Scene with a New Agri- 
cultural All-Rounder. Flight, Dec. 30, 
1955, pp. 969-972, 982, cutaway drawing. 
Design, structural, and performance char- 
acteristics. 

Miles M. 100 Student—A Promising 
New Jet Trainer Under Construction at 
Shoreham. Flight, Dec. 16, 1955, pp 
915-917, cutaway drawing. Design, 
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Guided Missile Engineers and Scientists 


BUILD YOUR FUTURE IN A PRIME 
WEAPONS SYSTEM PROJECT... 


The SM-64 Navaho Intercontinental 
Guided Missile 


North American Aviation has prime weapons system responsibility for the SM-64 NAVAHO. This missile program is 
one of our country’s largest, most important armament projects...a vital part of future defense planning... offering 
you long-term security, plus the opportunity to enrich your experience and capabilities in many advanced scientific 
and technical fields. 

North American is actively engaged in all phases of research, design, development and manufacture of missile 
airframes and the operational testing of complete missile units. For instance, more than 100 separate projects 
make-up the NAVAHO effort. Your special training and abilities can be vital to the success of one or more of these 
intellectually-demanding projects. Your advancement depends only on your ability. 

Military security prevents more adequate description of the NAVAHO and other missile studies and proposals in 


development at North American. For a fuller explanation of the opportunities open to you, please contact North 
American's Missile Development Engineering. 


IMMEDIATE OPENINGS FOR: 


AERODYNAMICISTS INSTRUMENTATION ENGINEERS 
AEROTHERMODYNAMICISTS ENGINE SYSTEMS ENGINEERS 
FLIGHT TEST ENGINEERS STRESS & STRUCTURES ENGINEERS 
AIR FRAME DESIGNERS RELIABILITY ENGINEERS 
MECHANICAL & ELECTRICAL DESIGNERS STANDARDS ENGINEERS 


HYDRAULIC, PNEUMATIC & SERVO ENGINEERS 


Contact: Mr. D. S. Grant 
Engineering Personnel Office Dept. 91-20AER, 
12214 Lakewood Blvd., Downey, California 


NORTH AMERICAN AVIATION, INC. aes 
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crusader performance figures?...s-ssh! 


To be specific — they’re terrific! But unmention- 
able. However, there’s nothing unmentionable 
about the Crusader’s Fuel Booster Pumps. 
They’re HY-V/L Pumps, all 6 of ’em (yes— 
SIX). To be even more specific, HY-V/L pumps 
have Design Predictability; the HY-V/L can be 
tailored to your specific needs. So be specific! 
Sit down and mention your fuel pump problems 
in a letter to Hydro-Aire right now. 


HY fuel booster pumps 
a product of 
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structural, and performance characteris. 
tics 

Power Requirements of Future Busj- 
ness Aircraft. E. Tilson Peabody, Mod. 
erator, and others. Skyways, Dec., 1955, 
pp. 14-16, 34-40. Flight Operations 
Round Table discussion. 


Operation & Performance 


The Turbine Propeller Combination in 
the Air Force. Roy J. Wellman. JAS 
24th Annual Meeting, New York, Jan 
23-26, 1956, Preprint 584. 11 pp. Mem. 
bers, $0.35; nonmembers, $0.75. Opera- 
tional experience with turboprop trans. 
ports covering such factors as thrust re- 
quirements of an airplane, optimum angles 
of climb and glide, cost and economic as- 
pects, noise reduction, reliability, and 
safety needs. 


Aviation Medicine 


Aircraft Accidents vs. Characteristics 
of Pilots. David K. Trites, Albert L 
Kubala, Jr., and Saul B. Sells. J. Ay 
Med., Dec., 1955, pp. 486-494. 11 refs. 

An Analysis of Some Current Methods 
of G-Protection. David H. Lewis. J 
Av. Med., Dec., 1955, pp. 479-485 

Biological Significance of the Natural 
Back-Ground of Ionizing Radiation; Ob- 
servations at Sea Level and at Extreme 
Altitude. Herman J. Schaefer. J. Ay 
Med., Dec., 1955, pp. 453-462. 14 refs 

The Blood Transport of Respiratory 
Gases; The Effects of Altitude Hypoxia 
and Hyperventilation Associated with 
Positive Pressure Breathing. Domenic 
A. Vavala. Mil. Med., Dec., 1955, pp 
513-521. 14 refs. 

Changing Concepts in Aviation Medi- 
cine? T.C. Macdonald. J. Av. Med, 
Dec., 1955, pp. 463-466. 

Linear Acceleration as a Survivable 
Hazard in Aviation. Edwin Hendler 
J. Av. Med., Dec., 1955, pp. 495-502 

Sky Unlimited; A Panel Discussion on 
Extreme Speed and Altitude. Frank K 
Everest, Scotty Crossfield, Bob DeHaven, 
Arthur Murray, Bob Rahn, and Don Rog- 
ers. J. Av. Med., Dec., 1955, pp. 503 
512 


Human Engineering 


‘Long Chair’? Position for Fighter 
Pilots. Heinz von Diringshofen. J 
Av. Med., Dec., 1955, pp. 467-47 


Computers 


An Accurate Electronic Multiplier. 
Sidney Sternberg. RCA Rev., Dec., 1958, 
pp. 618-634. USAF-supported develop- 
ment of a time-division multiplier design, 
with circuit details. 

Analog Computors for Machine Control. 
II. George H. Amber. Elec. Mfg., Oct., 
1955, pp. 145-153. Fundamental mathe- 
matical principles; design and operational 
characteristics, with a description of 
components; applications. 

Electroanalogic Methods. I—Solution 
of Electrical Problems by Continuous- 
Type Conductive Procedures. Thomas 
J. Higgins. Appl. Mech. Rev., Jan, 
1956, pp. 1-4. 111 refs. 

A Flutter Computer with Low Gain 
Amplifiers. K.E. Wood and I. V. Hans- 
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ford. Electronic Eng., Nov., 1955, pp. 
477-481 Design and operation of a 
prototype analog model incorporating the 
pole-shifting principle for the solution of 
nonlinear differential equations such as 
found in low-stiffness problems of aircraft 
flutter 

Low-Cost Analog Computer. Chalmer 
E. Jones. (ISA Natl. Conf., Los Angeles, 
Sept. 12-16, 1955, Paper 55-25-3.) Instru- 
ments & Automation, Nov., 1955, pp. 
1,914, 1,915. Abridged. Design and 
operational factors; applications. 

A Non-Linear Resistance-Capacitance 
Circuit. F. A. Key and W. G. P. Lamb. 
Electronic Eng., Oct., 1955, pp. 446-448. 
Design featuring a nonlinear amplifier 
in a negative feedback loop of an electrical 
analog for application to the study of 
theoretical problems of air pressure varia- 
tions due to transient airflow in a system 
of interconnected chambers. 

An Assessment of the System of Opti- 
mum Coding Used on the Pilot Automatic 
Computing Engine at the National Physi- 
cal Laboratory. J. H. Wilkinson. Philos. 
Trans. Royal Soc. (London), Ser. A, Oct 
20, 1955, pp. 253-281. 

Basic Digital Computer Principles. 
Glen Nye. Elec. Mfg., Dec., 1955, pp. 
134-142. Includes tables of descriptive 
terms, symbols, and circuits. 

Digital Automation. II, III. Martin L. 
Klein, Frank K. Williams, and Harry C. 
Morgan. Instruments Automation, 
Nov., Dec., 1955, pp. 1,920-1,936; 2,109 
2,115. Fundamental principles of logical 
networks; applications. 

Electronic Digital Computers. I—Basic 
Arithmetic Circuits. W. Woods-Hill. 
II—Control Circuits for Automatic Opera- 
tion. A. A. Robinson. Wireless World, 
Nov., Dec., 1955, pp. 557-562, 601-605. 
Design and operational principles; appli- 
cations. 

On Starting Routines for the C.S.I.R.O. 
Mark I Computer. G. W. Hill and T. 
Pearcey. Australian J. Phys., Sept., 
1955, pp. 412-416. 


Education & Training 


Safety and Economic Aspects of Flight 
Simulators. A. F. Bonnalie. JAS 24th 
Annual Meeting, New York, Jan. 23-26, 
1956, Preprint 606. 15 pp. Members, 
$0.50; nonmembers, $0.85. Evaluation 
of use as a training device by a large air- 
line 


Electronics 


Solid-State Electronics Issue. Proc. 
IRE, Dec., 1955. 270 pp. 1,321 refs. 
Includes detailed bibliographies on di- 
electrics, semiconductors, ferrites, design 
techniques, and components. Partial 
contents: The Electronic Energy Band 
Structure of Silicon and Germanium, 
Frank Herman. Nonlinear Dielectric 
Materials, E. T. Jaynes. History of 
Semiconductor Research, G. L. Pearson 


and W. H. Brattain. Junction Transistor | 
Electronics, J. L. Moll. Photoconduction | 


in Germanium and Silicon, M. L. Schultz 
and G. A. Morton. Photoeffects in Inter- 
metallic Compounds, H. P. R. Frederikse 
and R. F. Blunt. Photoconductivity of 
the Sulfide, Selenide, and Telluride of 
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six hy-v/1 fuel booster pumps! 


Yes, that’s what keeps the soup going through 
the lines in the Chance Vought Crusader: one, 
two, three, four, five, six HY-V/L Pumps by 
Hydro-Aire. We’re not supposed to talk about 
the performance of the Crusader, except to hint 
that it’s fairly spectacular in an astounding sort 
of way. But we love to talk about the HY-V/L 
Pump. The HY-V/L is pretty astounding, too. 
It’s got Design Predictability. Can’t we talk to 
you about it? Write us a letter. 


HY fuel booster pumps 
a product of 
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A reputation can be purchased or promoted. 
It may flower fleetingly ... and as fleetingly disappear. Character is what we are gee os 
and what we are evolves slowly and surely through the years. 

If the years have been rich in achievement and in fine works . . . 


we are that much bigger in a priceless and enduring sense. 


For seventy-seven progressive years . . . through boom, bust, war and peace. . . the character 

of General Electric has been unfolding. New ideas and new developments . . . brought about 
through the genius of the great Steinmetz . . . and brilliant engineering minds which preceded and 
followed him . . . have been the outstanding characteristic of this company. 

Today, what General Electric is makes us an accepted leader in the field of electrical and electronic 


manufacture. Indeed, Progress is our Most Important Product. 
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Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 


LIGHT MILITARY 
is translated . . . and magnified, here, in traditional research, ~ 


ELECTRONIC EQUIPMENT 
sound testing, skillful development, and highly competent ~~ ee 
DEPARTMENT 
workmanship. 


Your LIGHT MILITARY ELECTRONIC EQUIPMENT 


needs can be trusted to no better minds and hands. ; iy PRENC ROAD. UTICA. NEW YORE 
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well-being of the free world . . . and the established. 
standards of other departments of General Electric . assumes’ 
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Zine or Cadmium, R. H. Bube. Perform- 
ance of Photoconductors, Albert Rose 
Theory and Experiments on a_ Basic 
Element of a Storage Light Amplifier, 
J. E. Rosenthal 


Antennas 


Helicopter Measures Antenna Patterns. 
Helmut Brueckmann. Electronics, Nov., 
1955, pp. 134-136. Use of the Rawin set 
AN/GMD-1A for tracking to obtain 
accurate, improved space-radiation pat 
tern measurements 

Radiation Characteristics of Axial Slots 
on a Conducting Cylinder. J. R. Wait 
Wireless Engr., Dec., 1955, pp. 316-323 
15 refs. Extensive calculations of radia- 
tion patterns applicable to arrays of axial 


Delavan. . 


NEERING REVIEW 


slots irbitrary distribution of 


transvel! tage 


Circuits & Components 


A Constant Voltage Amplifier and Os- 
cillator. G. N. Patchett. Electronic Eng., 
Dec., 1955 p. 536-539 Design and 
operation factors, with circuit details; 
aupplicati nelude instrument calibra 
tion 

Effects of Heater-Voltage Variations of 
Valves in Certain Stabilizer Circuits. 
F. A. Bet dG. V. G. Lusher. Elec 
tronic Ey Nov., 1955, pp. 502-505 

Evaluating Electronic Components for 
Reliability Plus. James J. Lamb. Ele 
Mfg., De 55, pp. 111-115. 11 refs 


Develo} f RACER rating criteria 


. designer and manufacturer of fuel nozzles 
for Pratt & Whitney Aircraft’s J57 turbojet, powering the 
Boeing B-52 Stratofortress. Delavan has brought unprece- 
dented nozzle performance to the aircraft industry. 


DELAVAN Mfg. Co. 


WEST 


MOINES, IOWA 
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of reliability, availability, compatibility, 
economy, and reproducibility for opera- 
tional conditions. 

National Bureau of Standards Preferred 
Circuits Program. J. H. Muncy. Elec, 
Eng., Dec., 1955, pp. 1,088-1,090 

Prediction of Electronic Equipment 
Reliability. Victor Harris and M. M., 
Tall. Elec. Eng., Nov., 1955, pp. 994-997, 
Development of the prediction method 
based on a permanent Navy system of 
data _ collection criteria of 
probability of operation in 
terms of a mean-time-between-failure 
parameters applicable at the drawing- 
board design stage. 

Reliability in Complex Electronic Equip- 
ment. G. H. Scheer. Elec. Eng., Dec., 
1955, pp. 1,062-1,065. Statistical study 
of operational failures of various types of 
components and methods for minimizing 
maintenance and other problems through 
the use of plug-in subassemblies 

Special Issue: 1955 Microwave Round- 
up Tele-Tech., Nov., 1955, Sect. 1, 
170 pp. Partial contents: Standing Wave 
Detector with a Helix-Line Element. F. J, 
Tischer. TEM Mode Microwave Filters, 
D. V. Geppert and R. H. Koontz. Radio 
Interference Control in Aircraft, A. L, 
Albin and J. McManus. Microwave 1-F 
Amplifier Design, G. A. Kious. Design 
for Dual Frequency Microwave Equip-§ 
ment, R. H. Maier and R. E. Wells. Non- 
Linear Dielectric Regulated Power Supply, 
Alfred Haas. Travelling Wave Resona- 
tor, P. J. Sferrazza. R-F Attenuators 
and Load Materials, D. Lichtman. Para- 
bolic Antenna for Microwave Scatter 
Propagation, J. S. Brown 

UHF Multiplexer Uses Selective Coup- 
lers. Herbert J. Carlin Electronics, 
Nov., 1955, pp. 152-155. USAF-spon- 
sored development for the 225-400 me. 
range to permit operation of several 
transmitters and receivers on ‘a_ single 
antenna. 


establishing 
successful 


Communications 


Designing Over-Horizon Communica- 
tions Links. David Davidson and Alfred] 
J. Poté. Electronics, Dec., 1955, pp. 126-9 
131. 17 refs. Analysis of such factors 
as antenna gain, order of diversity, tropo- 
spheric phenomena, signal-to-noise ratio, 
terminal and site-noise losses, system par- 
ameters, and reliability for operation in 
the 100-5,000 m.c. range. 

UHF Long-Range Communication Sys- 
tems. G. L. Mellen, W. E. Morrow, Jr., 
A. J. Poté, W. H. Radford, and J. B: 
Wiesner. Proc. IRE, Oct., 1955, pp. 
1,269-1,281. 23 refs. USAF-Navy-Army- 
supported development at MIT, with 
an analysis of the propagation characteris- 
tics and reliability factors. 


Construction Techniques 


1955 Printed Circuit Issue. 7 /le-Tech, 
Dec., 1955. 160 pp. Partial contents: 
Printed Inductors and Capacitors, H. E. 
Bryan. Low-Cost Automatic Assembly 
System, A. E. Stones. Edge Dip-Soldering 
of Printed Circuits, M. W. Bang. Special- 
Clad Laminates for Printed Circuits, 
W.H. Hannahs. The ‘‘Hushed”’ Transis- 
tor Amplifier, Part I, W. K. Volkers and 
N. E. Pedersen. Directory. of Printed 
Circuit Manufacturers. 


(Continued on page 145) 
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IN T E R 


NATIONAL 


AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in the IAS 
Library. This research is supported by the Air Force Office of Scientific Research of the Air 
Research and Development Command. Address inquiries concerning this literature to the 


IAS Library. 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 1, Number 3 


ACOUSTICS, SOUND, AND NOISE 


AIRCRAFT NOISE AS IT RELATES TO THE 
AIRPORT NEIGHBOR. C.E.Rosendahl. IAS 
Luncheon Meeting, New York, Jan, 26, 1956, Ad- 
dress. NATCC noise-control program covering 
problems of take-off, landing,and flight conditions 
related to basic aircraft and engine design aspects, 
with specifications of a system of preferential run- 
way usage incorporating a conducting approach, 
landing and take-off operations over water or open 
areas, and procedures for maintaining maximum 
altitudes before landing to eliminate low, dragging, 
power-on approaches in populated areas. 


EFFECT OF CLIMB TECHNIQUE ON JET- 
TRANSPORT NOISE, W.J.North. US,NACA, TN 
3582, Jan., 1956. 19 pp. Theoretical investiga- 
tion to determine the effect of variations inengine 
thrust and airspeed on sound-pressure levels 
heard by a ground observer, as related to the 
community problem of scheduled airline traffic, 
and to develop criteria for optimum operation 
consistent with safety requirements. Analytical 
results indicate a reduction of noise levels re- 
lated directly to the reduction of either thrust or 
climb airspeed through a decrease of sound power 
radiated and through an increase of distance be- 
tween source and observer. 


INSTRUMENTATION FOR MEASUREMENT 
OF FREE-SPACE SOUND PRESSURES IN THE 
IMMEDIATE VICINITY OF A PROPELLER IN 
FLIGHT. W.D.Mace, F.J.Haney, and E.A. 
Brummer, US, NACA TN 3534, Jan., 1956. 16pp 
Development for harmonic analyses in aeronau- 
tical research at Mach Number 0.72 incorporat- 
ing a sensing element of a capacity microphone 
housed in a streamlined probe for use in conjunc- 
tion with an oscillator converting recorded pres- 
sure pulses into a frequency-modulated signal to 
be telemetered to the ground for detection and 
recording on magnetic tape and, subsequently, 
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March, 1956 
converted to a varying voltage fed into a hetero- 
dyne frequency-analyzer, with operational data 
on performance and accuracy levels. 


INVESTIGATION OF FAR NOISE FIELD OF 
JETS, I - EFFECT OF NOZZLE SHAPE, I - 
COMPARISON OF AIR JETS AND JET ENGINES. 
E.E,Callaghan and W.D.Coles. US, NACA TN 
3590, TN 3591, Jan.,1956. 44, 19 pp. 17 refs. 
Analysis of the jet noise problem and means for 
its suppression emphasizing nozzle designs and 
types of air jets, including circular, square, 
rectangular, and elliptical convergent types and 
convergent-divergent and plug-type nozzles, with 
the nozzle areas approximately equal to the area 
of the 3- or 4-in. diameter circular nozzle. Re- 
sults indicate that at jet pressure ratios less than 
2.2 all the nozzles have essentially the same 
sound field, but at higher pressure ratios only the 
convergent-divergent design show any appreciable 
reduction in sound power below that of an ordinary 
convergent nozzle, and at high pressure ratios all 
nozzles show discrete-frequency-type noises, with 
the convergent-divergent design eliminating such 
discrete frequencies during operation near its 
design point. In the comparison with turbojet 
engine operational data on noise generation, the 
overall sound power of air jets is well correlated 
by the Lighhill parameter, but the sound power 
radiated during afterburner operation is nonrep- 
resentative as being somewhat lower. Spectral 
data further indicate the dissimilar character of 
of the air-jet and engine noise due to a dip in the 
engine noise spectra probably caused by a com- 
bination of ground reflection effects and additions 


to portions of the spectrum by compressor and 
combustion sounds. 


A REVIEW OF AERODYNAMIC NOISE. 
Fowel and G.K.Korbacher. UTIA Rev. 8, July, 
1955. 120 pp. 97 refs. Detailed results of experi- 
mental and theoretical investigations of fundamen- 
tal and applicational aspects, means of suppression, 
technical and legal problems,and potentialities 
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for future research. Analysis includes a com- 
prehensive review of the literature and the factors 
acoustic principles; the Lighthill and Proud- 
man theories for noise causes based on subsonic 
disturbances and isotropic turbulence; the Light- 
hill, Powell, and Ribner concepts related to 
choked and over-choked jets; the physical struc- 
ture of jets; practical considerations concerned 
with noise sources, locations, fields, and direc- 


of: 


tionality; jet velocity, diameter, and flow density; 
characteristics related to Mach, Reynolds, and 
Strouhal Numbers; development of mechanisms ot 
noise reduction using lower jet-flow velocity, 
teeth (fingers) or notches, gauze cylinders, radio 
swirl vanes, by-pass air and diffusers, and other 
suppression devices; evaluation of associated 
problems such as propulsion jets, nonaerodynamic 
noise sources, boundary-layer and wake sound 
levels, ground running of jet engines, noise at 
high altitudes, edge tones, and jet noise as a 
source of vibration. 


AERODYNAMICS 


Boundary Layer & Thermoaerodynamics 


ASPECTS THERMODYNAMIQUES DE LA 
LUTTE POUR LA PROGRESSION DE LA VITESSE 
(AERODYNAMIC HEATING VERSUS SPEED; 
THERMODYNAMIC ASPECTS OF THE STRUGGLE). 
Maurice Roy. France, ONERA Pub. 77, 
pp. 18 refs. In English and French. Investigation 
of the thermoaerodynamic problem as it affects 
high-speed flight at altitudes up to 15.5 miles in 
terms of: the magnitude of the upper-temperature 
limits for main materials and human organisms; 
the thermal behavior of the boundary layers; the 
internal and external heat exchange of the super- 
sonic aircraft; the effects of sustained flight time; 
external insulation and thermal partitioning re- 
quirements; fuel protection and possible use of 
fuel as a coolant for cyclic cooling requiring the 
vaporization of transported liquids and of forced 
cooling systems; and the effects of aerodynamic 
heating on jet engine operation, specifically the 
cooling of the active flow of jet engines during the 
compression stage, 


1955.51 


THE EFFECT OF VARIABLE FLUID PROPER- 
TIES ON THE EQUILIBRIUM LAMINAR BOUND - 
ARY LAYER SURFACE HEAT TRANSFER RATE 
AT HYPERSONIC FLIGHT SPEEDS. R.F.Prob- 
stein. Brown U. Div. Eng., WADC TN 56-2, Dec. 
1955. 19 pp. 12 ref. Investigation of the basic 
problem for the limiting case of the boundary 
layer over a body of revolution in thermodynamic 
equilibrium, with a large stagnation enthalpy as 
compared with the enthalpy at the wall, under the 
assumption that the local composition corresponds 
to a gas in equilibrium at the local temperature 


and pressure, with the dissociation and recom- 
bination rates assumed to be very fast in compari- 


son with the diffusion and convection rates. 
Analysis includes a development of a simple iter- 
ative technique using the known solutions or con- 
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stant fluid properties to calculate the heat transfer 
influenced by the variation in fluid properties 
represented by the change across the boundary 
layer in the ratio of the product of the density and 
viscosity. Results indicate that the heat flux for 

a realistic variation of the fluid properties signifi- 
cantly is lower at the higher flight speeds than that 
predicted by constant-property solutions, with an 
estimating method to obtain.this effect when the 
fluid properties are known, 


EXPERIMENTAL INVESTIGATION OF LEAD- 
ING EDGE SHOCK WAVE-BOUNDARY LAYER 
INTERACTION AT HYPERSONIC SPEEDS. J.M., 
Kendall, Jr. IAS 24th Annual Meeting, New York, 
Jan. 23--26,1956, Preprint 611. 19 pp. 14 refs. 
Members, $0.50; nonmembers, $0.85. OOR- 
sponsored tests in the GALCIT 5x 5 in. Mach5.8 
wind tunnel on a flat plate with sharp leading edge 
to obtain induced pressure measurements, using 
orifices in a plate surface, and profiles‘at Mach 
Number, velocity, mass flow, pressure, and 


momentum deficiency from impact pressure sur- 
veys normal to the plate surface at various dis- 
tances from the leading edge for the purpose of 
studying the interaction phenomena. Results indi- 
cate that the induced pressures are 25 per cent 
higher than predicted bythe weak interaction theory; 
that the boundary layer and the external flow dis- 
tinctly are separate for Reynolds Number as low 
as 6,000; that the shock-reflected expansion waves 
are weak; and that the average skin-friction co- 
efficient tends toward and nearly matches the zero 
pressure-gradient value downstream but increases 
to approximately twice that value as the leading 
edge is approached. 


HEAT TRANSFER IN SLIP FLOW. A ppendix 
A - AN EMPIRICAL APPROACH TO SLIP FLOW, 
Appendix B - MATHEMATICAL DEVELOPMENT, 
Appendix C - MATHEMATICAL AIDS, R.L. Mar- 
tino. UTIA Rep. 35, Oct., 1955, 140 pp. 47 refs. 
Application of the Rayleigh method to solve the 
energy equation for the temperature distribution 
for the case of a flat plate in laminar flow, using 
the slip and temperature jump boundary conditions 
of gas dynamics, with derivations of an analytical 
solution for the case of arbitrary constant Prandtl 
Number and for variable initial surface tempera- 
ture and of steady flow solutions by means of a 
linear transformation between time and distance 
downstream from the leading edge as related to the 
Chapman-Rubesin results for the case of a constant 
surface temperature. 


Analysis includes extensive 
calculations for the case of a monatomic gas of 
0.667 Prandtl Number in terms of the equations 
and boundary conditions governed by the kinetic 
theory. Results indicate: that the phenomena of 
that the phenomena of the slip or ''transition" 
regime cannot be explained fully by the findings 
even though the temperature jump and slip bound- 
ary conditions are sufficient to describe it while 
approaching slip flow from the continuum regime, 
and that the recovery factor, attaining the correct 
limit a great distance downstream from the lead- 
ing edge, tends to the limit zero as the leading 
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edge is approached, and the Nusselt and Stanton 
Numbers become ‘functions of the Mach Number 


land the initial wall temperature before approach- 


ing a common limit. 


A SIMPLE THEORY FOR INTERACTIONS BE- 
TWEEN SHOCK WAVES AND ENTIRELY LAMINAR 
BOUNDARY LAYERS, G.E.Gadd. J. Aero.Sci., 
Mar., 1956, pp. 225--230. Conceptual develop- 
ment based on simplified assumptions for the 
shapes of the boundary-layer velocity profiles 
such that the boundary layer remains laminar 
throughout the region of interaction, that the heat 
transfer to the wall is zero, and that the Prandtl 
Number is unity. Includes analyses of the effects 
of the pressure distribution at the wall, the appli- 
cability to the case of flow spearation, anda 
comparison with experimental results. 


THE TRANSVERSE CURVATURE EFFECT IN 
COMPRESSIBLE AXIALLY SYMMETRIC LAMINAR 
BOUNDARY-LAYER FLOW, Appendix A - NUMER- 
ICAL INTEGRATION OF FIRST-ORDER MOMEN- 
TUM EQUATION FOR CONE AND CYLINDER 
WITH ZERO PRESSURE GRADIENT, Appendix B - 
SKIN FRICTION COEFFICIENT AND THE DIS- 
PLACEMENT THICKNESS, R.F.Probstein and 
David Elliott. J. Aero. Sci., Mar., 1956, pp. 208- 
224, 236. 33 refs. OSR-ONR-sponsored investi- 
gation at the Princeton U. Gas Dynamics Lab. 
characterizing the viscous transverse curvature 
effect by the ratio of the boundary-layer thickness 
to body radius, taking into account the Busemann 
and Crocco integrals of the two-dimensional 
energy equation in terms of validity for axially 
symmetric flow. Analysis includes: a reduction 
of the boundary-layer equations to near two- 
dimensional form by a generalization of the 
Mangler transformation to simplify the solution for 
the asymptotic flow regions as related to the addi- 
tional term in the momentum and energy equation 
behaving as an external favorable pressure gradi- 
ent; and a calculation of asymptotic solutions for 
the velocity and temperature distributions in the 
case of a compressible zero pressure gradient 
when the body shapes are given and for the velocity 
distribution in incompressible flow with given 
external velocity past the body, with the results 
applied to the cases of a cone, a cylinder, ora 
"near paraboloid" in terms of the skin-friction 
coefficient and the heat-transfer ratio. 


DELAY OF THE STALL BY SUCTION 
THROUGH DISTRIBUTED PERFORATIONS, 
ARaspet, J.J.Cornish, andG.D.Bryant, IAS 
24th Annual Meeting, New York, Jan. 23--26, 1956, 
1956, Preprint 587. 19 pp. 14 refs. Members, 
$0.50; nonmembers, $0.85. Navy-Army-sponsored 
analysis of the review of the results of investiga- 
tions on boundary-layer control problems, taking 
into account fundamental concepts as applied to 
the Schweizer TG3-A sailplane, the Piper L-21, 
AF-2, and the FI-156 (Fieseler Storch) research 
designs and the factors of safety, structural 
stress and fatigue, and stability and control. 


LAMINAR SEPARATION OVER A TRANSPIRA- 
TION-COOLED SURFACE IN COMPRESSIBLE 
FLOW. Morris Morduchow. US, NACA TN 3559, 
Dec. ,1955. 32 pp. 12 refs. A theoretical develop- 
ment of a simple practical method to calculate the 
separation point over a transpiration-cooled sur- 
face for a given adverse pressure gradient, Mach 
Number, wall temperature, and uniform coolant 
temperature, with a detailed numerical example 
to show the effects of these parameters on the 
separation point. Analysis includes graphical 
presentation of the required normal-mass-flow 
distribution of the coolant to maintain the actual 
wall-temperature ratio to the adiabatic wall 
temperature, and is based on an application of the 
von Karm&n momentum integral equation in con- 
junction with seventh-degree velocity and stagna- 
tion-enthalpy profiles from the results of studies 
of laminar flow in the boundary layer, under the 
assumption of a uniformly maintained wall tempera- 
ture with the Prandtl Number of unity and the co- 
efficient of viscosity proportional to the absolute 
temperature, 


PRESSURE RISE ASSOCIATED WITH SHOCK- 
INDUCED BOUNDARY-LAYER SEPARATION, 
E.S. Love. US, NACA TN 3601, Dec. ,1955. 32 pp. 
Evaluation of results of analytical and experimental 
investigations of the phenomena in terms of the 
probable ranges of pressure rises and flow deflec- 
tions and the effects of Mach and Reynolds Numbers, 
adverse pressure gradient, and ratio of specific 
heats for turbulent boundary layers as related to 
the influence of separation on the overall aerody- 
namic characteristics of complete aircraft config- 
urations affecting the performance of individual 
components, 


A STUDY OF THE TRANSITION TO TURBU- 
LENCE OF THE LAMINAR BOUNDARY LAYER 
AT SUPERSONIC SPEEDS, R.F.Probstein and 
C.C.Lin. IAS 24th Annual Meeting, New York, 
Jan. 23--26, 1956, Preprint 596. 35 pp. 45 refs. 
Members, $0.75; nonmembers, $1.20. Review of 
the literature covering results of investigations of 
the transition phenomena and associated problems, 
surveying the existing data from wind-tunnel and 
free-flight experiments, with a general discussion 
on the fundamental aspects emphasizing the cases 
involving simple bodies such as cones, flat plates, 
hollow cylinders, and cone-cylinder combinations, 
Includes analyses of: methods used to detect 
transition, the conditions in the test streams, and 
on the surface and on the leading part of the test 
body, and thermal conduction factors, and of the 
physical mechanisms underlying possible effects; 
the influence of the parameters of surface cooling 
and heating, the body shape and pressure gradient, 
and surface roughness as a function of Mach Num- 
ber; and of theoretical results on the extent of 
cooling required to stabilize effectively three- 
dimensional distrubances., Results indicate that 
small favorable pressure gradients have a strong 
stabilizing influence on the boundary layer, whereas 
adverse pressure gradients greatly increase the 
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cooling required for effective stabilization. 


SUMMARY OF LAMINAR-BOUNDARY-LAYER 
SOLUTIONS FOR WEDGE-TYPE FLOW OVER 
CONVECTION-AND TRANSPIRATION-COOLED 
SURFACES, J.N.B.Livingood and P. L. Donoughe, 
US, NACA TN 3588, Dec., 1955. 33 pp. 25 refs. 
Solutions for small Mach Numbers and a Prandtl 
Number at the wall of 0.7, at ranges of main 
stream pressure gradients and rates of coolant 
flow through a porous wall for the cases of small 
temperature changes in the boundary layer along 
constant- or variable-temperature wall and of 
large temperature changes in the boundary layer 
along a constant-temperature wall, witha tabula- 
tion of dimensionless forms of heat-transfer and 
friction parameters and boundary-layer thick- 
nesses. Results indicate that coolant emission 
and increased stream-to-wall temperature ratios 
diminish the friction and heat transfer for a con- 
stant wall temperature, that for a variable wall 
temperature with small temperature differences 
in the boundary layer, the friction is unaffected 
except that the heat transfer is greatly increased 
for increased wall-temperature gradient, and that 
generally transpiration cooling is much more 
effective for-Prandtl Numbers of the order of 5.0 
rather than for 0.7. 


Control Surfaces 


THE JET FLAP, I - THE BASIC PRINCIPLES. 
II - SOME AERO NAUTICAL CONSIDERATIONS. 
I.M.Davidson. J. RAeS, Jan., 1956, pp. 25--41; 
Discussion, pp. 41--50. 12 refs. Review of NGTE 
powered-lift investigations on the large Fowler- 
flap-like behavior of jet-flapped airfoils based on 
an aerodynamic resynthesis of the lifting and pro- 
pulsive means, taking into account the supercircu- 
lation phenomena, lift and thrust of a two-dimen- 
sional wing, problems with wings of finite span, 
three-dimensional effects, and factors affecting 
maximum lift including gusts and engine failures 
with an appraisal of trends and potentialities. 


Fluid Mechanics & Aerodynamic Theory 


THE APPLICATION OF THE ELECTRIC-TANK 
ANALOGY TO TWO- AND THREE -DIMENSIONAL 
PROBLEMS IN LINEARIZED AERODYNAMIC 
THEORY. W.B.Brower, Jr. Rensselaer Poly- 
tech. Inst. Dept. Aero. Eng. TR AE5506 (OSR- 
TN-55-471). Dec. 15, 1955. 103 pp. 28 refs. 
Development of the analogical calculator, provid- 
ing representation of boundary-conditions and 
aerodynamic quantities and incorporating the 
transverse-flow method to solve rapidly and 
accurately the integral differential equation of the 
linearized lifting theory, with a discussion ot! 
basic computational principles, relative merits, 
and potentialities, and with construction details 
including circuit design, model geometry, and 
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electrode spacing. Experimental solutions include 
the cases of a flat plate inclined to the free stream, 
lift of camber sections, the flapping of an airfoil, 
and an airfoil with basic symmetrical thickness at 
zero lift as representative of two-dimensional 
problems and of the effects of incidence, camber, 
and camber and twist for a flat-plate wing and the 
low-aspect-ratio wing of parabolic planform illus- 
trative of three-dimensional problems. 


A DISCUSSION ON MAGNETO-HYDRODYNAM.- 
ICS. Edward Bullard, Moderator, and others. 
Proc. Royal Soc. (London), Ser. A, Dec. 29,1955, 
pp. 289-427. 66 refs. Results of theoretical and 
experimental investigations to develop and apply 
principles of fluid mechanics. Partial contents: 
An Instability of Laminar Flow of Mercury Caused 
by an External Magnetic Field, B. Lehnert. 
neto-Hydrodynamic Oscillations of a Rotating 
Fluid Globe, T.G. Cowling. 
bulence. 


Mag- 


Hydromagnetic Tur- 
I - A Deductive Theory; II - An Elemen- 
tary Theory, S. Chandrasekhar. Magneto- 
Hydrodynamic Waves in Incompressible and 
Compressible Fluids, A. Bafios, Jr. The Struc- 
ture of Magneto-Hydrodynamic Shock Waves, W. 
Marshall. Waves in a Heavy, Viscous, Incom- 
pressible, Electrically Conducting Fluid of 
Variable Density, in the Presence of a Magnetic 
Field, R. Hide. Some Engineering Applications 
of Magneto-Hydrodynamics, J.H.Shercliff. 


THE LARGE-SCALE STRUCTURE OF HOMO- 
GENEOUS TURBULENCE. Appendix A - EVALU- 
ATION OF SOME ISOTROPIC SURFACE 
INTEGRALS, Appendix B - THE FORM OF 
INTEGRAL MOMENTS OF SOLENOIDAL TENSORS, 
G.K.Batchelor and I. Proudman, Philos. Trans. 
Royal Soc. (London), Ser. A, Jan. 5, 1956, pp. 
369-405. Extension of the Proudman-Reid 
theoretical results for isotropic turbulence with 
zero fourth-order cumulants to the study of the 
two-fold problem of finding general large-scale 
kinematical structures which can persist in time, 
through being unchanged by dynamic processes, 
and of finding the particular structure that is 
relevant to wind-tunnel turbulence, taking into 
account the concepts of Batchelor, Birkhoff, Lin, 
Loitsiansky, and others. Includes analyses of the 
basic related factors of: the hypothetical conver- 
gent integral moment at an initial instant; the 
generation of power-law forms of velocity cumu- 
lants at large values of the separation; general 
dynamics of the large-scale motion; and the 
special case of isotropic turbulence. 


PROGRESS IN RESEARCH ON HIGH SPEED 
FLOW; A SURVEY OF ADVANCES AND PROB- 
LEMS IN THE STUDY OF HIGH SPEED FLOW. 

I - NORMAL SUPERSONIC FLOW. II - TRAN- 
SONIC FLOW, III - HYPERSONIC FLOW, Maurice 
Holt, Aircraft Eng., Nov., Dec., 1955, Jan., 
1956, pp. 371-373, 392-395, 21-24. 21 refs. 
Results of experimental and theoretical investiga- 
tions tracing research trends up to about Mach 25. 
for missile and rocket flights including such factors 
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as the breakdown of the linearized theory of super- 
sonic flows at hypersonic speeds, the use of the 
inviscid small disturbance equations for calcula- 
tion of steady three-dimensional hypersonic flow 
past a cylindrical body of small maximum thick- 
ness, Measurements of pressure on flat plates in 
hypersonic viscous flow, and the relevance and 
applicability of wind-tunnel and shock-tube 
techniques. 


BASE PRESSURE STUDIES IN RAREFIED 
SUPERSONIC FLOWS. L.L.Kavanau. J. Aero. 
Sci., Mar., 1956, pp. 193-207, 230, 35 refs. 
OAR-ONR-supported investigation at U. of Calif. 
to obtain base pressure data in terms of the in- 
fluence of high altitudes for a blunt-based body of 
revolution of a simple cone-cylinder configuration, 
with measurements including the slip flow regime. 
Analysis includes: calculations of support inter- 
ference effects due to the relative size of the sting 
diameter and length as compared to the model 
diameter and the effects of heat transfer; data on 
the base pressure coefficient in free molecular 
flow; description of testing techniques and appara- 
tus used; and a comparison to previous theoretical 
and experimental investigations. Results indicate 
the decrease in base pressure at decreasing 
Reynolds and increasing Mach Numbers due to the 
completely laminar character of the boundary- 
layer and critical wake region. 


AN EXPERIMENTAL INVESTIGATION OF THE 
EFFECT OF SURFACE ROUGHNESS ON THE 
DRAG OF A CONE-CYLINDER MODEL AT A 
MACH NUMBER OF 2.48. Appendix - LAMINAR 
SUBLAYER CALCULATIONS, J.H.T. Wade. 

UTIA Rep. 34, Sept., 1955. 72 pp. 25 refs. Tests 
on a 20° cone-cylinder model of overall fineness 
ratio equal to 13, at Reynolds Numbers of 3.0 x 
10° per foot based on free stream conditions, with 
turbulent skin-friction calculations, as compared 
to similar Chapman and Kester results, by direct 
force measurements using an internal strain-gage 
balance, covering the 6--10,000 microin. rough- 
ness range based on the average peak-to-valley 
height. Results indicate that the rough cylinder 
shows no increase in friction over that of the 
smooth cylinders for roughness below the 800-- 
1,000 microin. range and a rapid increase with 
roughness height beyond the critical roughness in 
agreement with the Nikuradse findings for in- 
compressible flow; that the critical roughness 
range is about 30° lower than the value obtained 
experimentally in incompressible flow using wall 
values of the flow parameters for comparison; 
and that the study of the boundary-layer profile at 
the start of the cylinder permits an evaluation of 
a local skin friction coefficient at that point, which 
is used to compute the thickness of the laminar 
sublayer by means of the von Karman approach, 


ON THE INFLUENCE OF THE GEOMETRY OF 
SLENDER BODIES OF REVOLUTION AND DELTA 
WINGS ON THEIR DRAG AND PRESSURE DISTRI- 
BUTION AT TRANSONIC SPEEDS. Appendix I - 


CHOSEN GEOMETRICAL SYSTEMATIC OF THE 
FORM OF BODIES OF REVOLUTION, Appendix 

Il - LINEAR THEORY: THE VELOCITY-DISTRI- 
BUTION. ON BODIES OF REVOLUTION IN SUB- 
SONIC AND SUPERSONIC FLOW. Appendix III - 
CONTRIBUTION OF THE PRESSURE TO THE 
DRAG (LINEAR THEORY Mg =V2). Appendix IV - 
APPROXIMATION OF THE SUBSONIC STAGNA- 
TION FLOW NEAR THE TRAILING EDGE. 
Friedrich Keune and Klaus Oswatitsch. USAF OSR 
TN 55-364, 1955. 34 pp. 16 refs. Application of 
the Area Rule to study the characteristics of the 
flow around delta and swallow-tailed wings in the 
transonic range, as related to the flow about 
equivalent bodies of revolution, with calculations 
of the upper and lower Critical Mach Numbers near 
unity using the linear theory and the Oswatitsch- 
Sjédin formula, and a determination of Mach 1 by 
means of the parabolic method. Analysis includes: 
an evaluation of the suitability of geometrical 
systems of bodies of revolution in terms of the 
linear range; and particular examples of wings 
equivalent to these bodies, with data on the sonic 
flow and results given in a general form by the 
transonic similarity. Results indicate that the 
drag of the afterbody is practically equal to the 
whole supersonic drag of this part; that even the 
linear supersonic theory is valid for all supersonic 
Mach Numbers; that the small subsonic region on 
the tip at the upper critical Mach Number has no 
appreciable influence; and that the Area Rule re- 
quires a correction if the wings or bodies have 
ends that are too blunt. 


A PRELIMINARY STUDY OF THE DETAILS OF 
THE FLOW FIELD ABOUT A FLAT PLAT AT 
HYPERSONIC SPEEDS. A.G.Hammitt. Princeton 
U. Dept. Aero. Eng. Rep. 327, Nov. 1, 1955. 31 _ 
pp. 19 refs. Experimental investigation in the 
helium hypersonic wind tunnel operating at speeds 
up to Mach 15 to determine an appropriate flow 
model and to appraise the value of former theoreti- 
cal models. Analysis includes; test data on the 
interaction region from optical and pitot measure- 
ments of pressure on the plate surface and of the 
shock position; and calculations of the inviscid and 
viscous flow fields to construct the flow near the 
shock wave by use of rotational characteristics and 
a small leadingeedge wedge angle. Results show 
Jjarge static pressure gradients between the shock 
wave and the plate surface, but no signs of a uni- 
form inviscid flow region between the boundary 
layer and the shock wave. 


A SECOND-ORDER SHOCK -EXPANSION 
METHOD APPLICABLE TO BODIES OF REVO- 
LUTION NEAR ZERO LIFT. Appendix A - POWER 
SERIES REPRESENTATION OF FLOW ABOUT 
BODY OF REVOLUTION, Appendix B - EVALUA- 
TION OF PRESSURE GRADIENT DOWNSTREAM 
OF CORNER OF BODY OF REVOLUTION. 
Appendix C - EXTENSIONS OF THE APPROXI- 
MATE METHOD, C.A.Syvertson and D.H. Dennis. 
US, NACA TN 3527, Jan., 1956. 57 pp. 25 refs. 
Development of a theoretical method, applicable 
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when the hypersonic similarity parameter based 
on nose fineness ratio is near one, to derive ex- 
pressions defining the pressures on noninclined 
bodies by use of the characteristics theory in 
combination with properties of the flow predicted 
by the generalized shock-expansion method and 


extended to inclined bodies to calculate the normal- 


force and pitching-moment derivatives at zero 
angle of attack. Analysis includes: comparisons 
with other theoretical predications and experi- 
mental results of pressure distributions for non- 
inclined bodies and of normal-force derivatives 
and centers of pressure at zero angle of attack for 


inclined bodies; measurements for cone-and ogive- 


cylinders with fineness ratios of 3--17 tested at 
Mach 3.00--6.28, corresponding to a 0.43--2.09 
range of values for the hypersonic similarity 
parameter; and an evaluation of the relative merit 
and accuracy of the predictions obtained. 


LOIS DE LA REFLEXION DES ONDES DE 
CHOC DANS LES ECOULEMENTS PLANS NON 
STATIONNAIRES, Henri Cabannes. France, 
ONERA Pub. 80, 1955, 29 pp. Study of the shock 
-wave phenomena governed by a uniform transfer 
as a factor of instability of the motion of com- 
pressible fluids in nonstationary plane flow in 
terms of: the characteristics of the regular re- 
flection; the flow after and behind the reflected 
shock applied to the case of pseudo-stationary 
-_plane flows; and the establishment of laws of re- 
flection of Mach as applied to the cases of dihe- 
drons of any given or nul angle,taking into account 
the Lighthill linearized equations for an infinitely 
small angle, an incident infinitely weak or strong 
shock, orthogonal and stationary reflection, and 
the transition from the regular reflection to that 
of Mach. Analysis includes precise numerical 
calculations of the finite variations of the flow 
characterizing the magnitude resulting from the 
slightest modification of speed or of the direction 
of the incident shock wave. 


METHOD OF INTEGRATION FOR SUPERSONIC 
FLOW BEHIND AN ATTACHED SHOCK-WAVE., 
1 - GENERAL DESCRIPTION OF THE PROBLEN 
AND METHOD OF SOLUTION, Il - QUASI-AXIAL- 
LY SYMMETRIC FIELDS, III - METHODS OF 
INTEGRATION FOR CONICAL FIELDS, IV - 
NUMERICAL EXAMPLES - GENERAL REMARKS 


ON THE MOST CONVENIENT ORDER OF APPROX- 


IMATION, Luigi Broglio. Roma U. Sch. Aero. 
Eng. Inst. Aero. Construc. Rep. SIAR 3 (AF 
EOQARDC TR 1), 1955. 114 pp. Development for 
the general three-dimensional case using the three 


components of velocity and entropy as the unknowns 


derived by direct integration and not simultaneous 
to the other functions, taking into account the 
Ferri procedure for a cone without axial sym- 
metry, with a comparison to the mode of analysis 
using the method of characteristics. 


STRUKTURA PLASKIEJ FALI UDERZENIOWEJ 
(TWO-DIMENSIONAL SHOCK WAVE STRUCTURE). 
Wtodzimierz Prosnak. Rozprawy Inzynierskie 
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(Warsaw), No. 3 1955, pp. 361-385. 21 refs. In 
Polish, with summaries in English and Russian, 
Review of the results of investigations of steady ) 
plane shock wave ina viscous heat conducting gag 
based on the equations of the mechanics of con- 
tinuous media as compared to the kinetic theory 
and experimental data, Includes analyses of the 
factors influencing the type of variability of 
hydrodynamic parameters, including viscosity 
and heat conductivity, and the phenomenon of loca! 
decrease of entropy accompanying the overall in. 
crease of entropy, in terms of the elements ofa 
heat conducting gas related to nonisolated system; 
of the second law of thermodynamics. 


Internal Flow 


DESIGN CRITERIA FOR AXISYMMETRIC AND 
TWO-DIMENSIONAL SUPERSONIC INLETS AND 
EXITS. Appendix A - ESTIMATED PERFORM- 
ANCE OF SINGLE-OBLIQUE-SHOCK INLETS, 
Appendix B - ESTIMATED PERFORMANCE OF 
DOUBLE-OBLIQUE SHOCK INLETS. J.F. Connors 
and R.C. Meyer. US, NACA TN 3589, Jan. , 1956, 
42 pp. Graphical development for single- and 
double -oblique-shock inlets and for isentropic and 
two-dimensional surfaces having theoretically | 
focused Mach lines for Mach Numbers up to 4.0, 
with nondimensional geometric contours having 
corresponding local Mach Numbers and flow-angle 
variations, and with all solutions carried from the 
freestream Mach Number toa local Mach Number 
of unity, taking into account limitations on the 
amount of the compressive flow turning that can 


be utilized with isentropic inlets, a compression | 
limit based on shock-structure requrements 
coming into effect at Mach 1.5, and an ail-exter. 
nal-compression inlet with a mass-flow ratio of 
unity limited to a theoretical pressure recovery 

of 0.685 at Mach 4.0. Analysis includes a com- 
parison of optimum performance for several types 
of conventional inlets over a wide range of super- 


sonic Mach Numbers to illustrate the relative 
capability of the isentropic inlet. 


EXPERIMENTAL AND ANALYTICAL INVESTI- 
GATION OF SECONDARY FLOWS IN DUCTS. 
Appendix A, Appendix B - RESOLUTION OF 
BOUNDARY-LAYER VELOCITIES INTO COQM- 
PONENTS NORMAL AND TANGENTIAL TO MAIN- 
FLOW STREAMLINES. 
Hansen. 


H.Z.Herzig and A.G. 
IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 593. 
Members, $0. 35; 


study of the internal flow phenomena in curved 


62 pp. 12 refs, 


nonmembers, $0.75. NACA 


ducts, considered as three-dimensional boundary- 
layer flows having components normal to the main 
stream direction, using smoke flow visualization 
procedures, and extending the work of Mager, 
Hansen, Loos, and Sowerby on the laminar | 
boundary layers over a flat plate to regions of 
small turning to obtain exact solution for general 
streamline paths without restrictions, using tables 
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of special Blasius similarity parameter functions 
to compute boundary-layer cross flows, with the 
streamline paths at various positions in the 
boundary layer described for thick and thin layers. 
Analysis includes examples of cross-channel flows 
and cross-channel flow effects, with experiment- 
ally observed results compared to theoretical pre- 
dictions. 


AN EXPERIMENTAL INVESTIGATION OF 
FLOW SEPARATION IN A NOZZLE AT HIGH 
MACH NUMBERS AND LOW DENSITY. N.B. 
Tucker. UTIA Rep. 33, Aug., 1955. 71 pp. 37 
refs. Tests in the 5x 5 in. supersonic wind 
tunnel to obtain evidence of a stable form of flow 
separation in a two-dimensional wedge nozzle 
having al in. throat radius at area ratio Mach 
Numbers above 4, with the separation occurring 
without any abrupt change in static pressure 
gradient and without a shock wave being associated 
with the phenomena, 
ments for the detection of air condensation and of 
the pitot, static, and stagnation pressures, the 
stagnation temperature, and specific humidity of 


Analysis includes: measure- 


the inlet air; methods used to suppress and con- 
trol nozzle flow separation, taking into account 
the use of an 
adjustable throat, surface roughness in supersonic 


the effect of nozzle throat radius, 


flow, and flow in three axisymmetrical square- 
throat supersonic nozzles; and detailed descrip- 
tions of instrumentation and testing techniques, 
including schlieren photographic flow visualiza- 
tion. Results, as compared to those of previous 
investigations, indicate that the precise measure- 
ment of Mach Numbers up to 5 is feasible with 
available instrumentation; that air condensation is 
present in flow above Mach 5 and is eliminated by 
heating the inlet air, with the inlet stagnation 
temperatures required to remove the condensation 
being higher than those calculated by theory and 
experiment; and that flow separates in the round- 
throat two-dimensional wedge nozzle block at Mach 
Numbers above 3.8, with the use of a square- 
throat axisymmetric nozzle not eliminating this 
separation, but with the onset of separation in the 
two-dimensional nozzle delayed to Mach 5.7 by the 
use of surface roughness on the flow surfaces of 
the nozzle. 


AN EXPERIMENTAL STUDY OF CENTRIF- 
UGAL PUMP IMPELLERS, Appendix I - BLADE 
DESIGN. Appendix II - MEASUREMENT OF LOSS 
AND RELATIVE VELOCITY. A.J. Acosta and 
R.D. Bowerman. CIT Hydrodynamics Lab. Rep. 
E-19.8, Aug., 1955. 44 pp. 13 refs. The results 
of ONR -sponsored investigations of internal flow 
problems of impellers analyzed in terms of over- 
all characteristics, velocity profiles, pressure 
distributions, and associated measurements, and 
of three-dimensional flow requirements to develop 
design criteria of head, torque, and efficiency 
data. Includes: calculations of static pressure 
distributions on the vanes of 12.5° and 20° 
impellers at several flow rates, and of relative 
total head loss contours for 12.5°, 15°, 20°, and 
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for three-dimensional impellers at the impeller 
exits, mid-radius postions, and inlets; and de- 
tailed description of laboratory facilities, instru- 
mentation, and testing apparatus and techniques. 


LIFT HYSTERESIS AT STALL AS AN UNSTEADY 
BOUNDARY-LAYER PHENOMENON, F.K. Moore. 
US, NACA TN 3571, Nov., 1955. 32 pp. 12 refs. 
Approximate analysis of the rotating stall of com- 
pressor blade rows taking into account the Magnus 
lift of a rotating cylinder on a 6:1 elliptic airfoil 
at the angle of attack for maximum lift under the 
assumption of small perturbations neglecting the 
distributed vorticity in the wake beginning at the 
separation point defined by zero shear in the case 
of steady flow, with a calculation of the loop flows 
for small reduced frequency of oscillation when the 
concept of viscous ''time lag" is applicable only for 
harmonic variation of angle of attack with time at 
mean conditions other than maximum lift. 


Performance 


WARUM WESPENTAILLENFORM? DIE FLA- 
CHENREGEL; EINE NEUF MOGLICHKEIT ZUR 
ABMINDERUNG DES WIDERSTANDSANSTIEGES 
IM TRANSONIKGEBIET, Dietrich Fiecke. Flugwelt 
(Wiesbaden), Dec.,1955, pp. 640--644, In German. 
Evaluation of the development, relative merits, and 
potentialities of the ''Area Rule" concept in aircraft 
design to reduce the drag increase in the transonic 
range, with aerodynamic performance data on 
speed gains in the case of fighter craft. 


Stability & Control 


DIRECTIONAL STABILITY OF TOWED AIR- 
PLANES (DIE SEITENSTABILITAT EINES GE- 
SCHLEPPTEN FLUGZEUGES). W. Sohne. (Ing. - 
Arch. , No. 4,1953, pp. 245-265.) US, NACA TM 
1401, Jan. , 1956. 53 pp. 12 refs. Translation. 
Theoretical investigation of the lateral dynamic 
stability problem when using a single towline with 
a derivation of the equations of motion in terms of 
cable moment coefficients, the influence of cable 
length, flight attitude, and configuration parameters 
on the stability in towed flight, taking into account 
variations of the lift coefficient, flying weight, 
angle of climb, rolling moment due to sideslip by 
a varied dihedral, vertical-tail surface area, damp- 
ing in roll, coupling at the lower side of the fuse- 
lage, and of the position of the towing point in a 
horizontal direction, 


EXPERIMENTAL INVESTIGATION AT LOW 
SPEED OF EFFECTS OF FUSELAGE CROSS SEC- 
TION ON STATIC LONGITUDINAL AND LATERAL 
STABILITY CHARACTERISTICS OF MODELS 
HAVING 0° AND 45° SWEPTBACK SURFACES, 
William Letko and J. L. Williams. US, NACA TN 
3551, Dec., 1955. 45 pp. 10 refs. Tests on mid- 
wing airplane models at the Langley Aero. Lab. for 
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an angle of attack range from -4° beyond maxi- 
mum lift, of wings alone, at angle of sideslip of 
0° and + 5° and at 0°, 10, 20°, and 26°, through 
a sideslip range from -20°to 20°. Results indi- 
cate that the main effects on the stability charac- 
teristics of models at low angles of attack are 
caused by the direct contributions of the fuselage; 
that at high angles of attack the wing-fuselage 
interference or sidewash with the tail decreases 
the tail contribution to the directional stability; 
that for the complete configuration the fuselage 
cross section has little effect on the range of 
linearity of the curves of yawing moment against 
the sideslip angle; and that generally the shallow- 
fuselage configurations are the least stable 
longitudinally, and the deep-fuselage designs are 
the least stable directionally. 


THE LONGITUDINAL MOTION OF A SPECIAL 
AIRPLANE-BY THE DISCONTINUOUS AUTOMATIG 
VELOCITY CONTROL, Akira Azuma. J. Japan 
Soc. Aero. Eng., Oct., 1955, pp. 247-255. In 
Japanese. Application of the results of the Fligge- 
Lotz investigation of problems of missile position 
control using an analogous method to study the 
motion of an aircraft controlled by an elevator 
and ailerons and equipped with two gyroscopes to 
register the rolling and pitching angular velocity, 
with the control function having an unfeeling zone 
in which the elevator is restored to the neutral] 
position. 


METODY TEORII STATECZNOSCI RUCHU 
(METHODS OF THE THEORY OF STABILITY OF 
MOTION). Maciej Bieniek. Rozprawy Inzynierskie 
(Warsaw), No. 3, 1955, pp. 327-358. 13 refs. In 
Polish, with summaries in English and Russian. 
Analysis includes: basic concepts and general 
characteristics of the approaches used to study 
stability problems, Lyapunov theorems for steady 
and unsteady motion; and evaluations of the 
stability theorems in the first approximation and 
of the criteria of Routh-Hurwitz and Nyquist. 


Wings & Airfoils 


FLOW STUDIES OF THE LEADING EDGE 
STALL ON A SWEPT-BACK WING AT HIGH 
INCIDENCE, Joseph Black. J. RAeS, Jan., 1956, 
pp. 51-60. 10 refs. Use of detailed pressure dis- 
tribution measurements over the leading edge, the 
liquid film technique, yawmeter traverses to cal- 
culate the boundary-layer flow, a wool-tuft grid, 
and a spin detector to determine the vorticity 
regions to investigate experimentally flow in the 
separation region over the outer span of the wing 
taking the form of a ''ram's horn" vortex and 
originating from the junction on the leading edge 
of the inboard ''short'' and the outboard "'long'' 
separation bubbles, 


FLOW STUDIES ON DROOPED-LEADING- 
EDGE DELTA WINGS AT SUPERSONIC SPEED. 
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W.H. Michael, Jr. US, NACA TN 3614, Jan. , 1956, 
29 pp. Experimental investigation using vapor- 
screen, pressure-distribution, and ink-flow tests 
at Mach 1.9 on the delta wings having semiapex 
angles of 15°, 22.5°, and 31. 75° with 10 per cent 
and 20 per cent of the semispans drooped 15° in 
streamwise sections to determine separated re- 
gions of vorticity existing along the upper surfaces 
of the wings. Results indicate that the separated 
regions on the wings having 10 per cent and 20 per 
cent of the semispans drooped are similar to one 
another; that integrated pressure distributions for 


equal angles of attack show the loadings on the wings | 


having 20 per cent of the drooped semispans are 
less than those for the wings having 10 per cent of 
the drooped semispans; and that, generally, com- 
pared with undrooped delta wings, the drooped- 
loading-edge wings show no particular advantage 
from the standpoint of preventing separation. 


REMARK ON THE THEORY OF LIFTING SUR- 
FACES (SULLA TEORIA DELLE SUPERFICI 
PORTANTI), Aldo Muggia. (Acad. Sci. Torino, 
Atti, 1952-1953.) US, NACA TM 1386, Jan. ,1956, 
Tl pp. Translation. Study of the problem of lift 
on any thin wing of arbitrary plan form based on 
the Weissinger method idealizing the vortex system 
for a rectangular wing in terms of the aerodynamics 
of a lifting surface, in itself an idealization of an 
actual wing, having the simple physical property 
that it departs but slightly from the flat surface 
that is considered as being immersed in an in- 
compressible fluid of a given density and as having 
a given free-stream pressure and velocity, with 
the impinging stream assumed to be directed along 
and having the same sense as the positive x-axis 
in a right-handed Cartesian coordinate system. 


THE TRANSONIC CHARACTERISTICS OF 36 
SYMMETRICAL WINGS OF VARYING TAPER, AS- 
PECT RATIO, AND THICKNESS AS DETERMINED 
BY THE TRANSONIC-BUMP TECHNIQUE. W.H. 
Nelson, E.C.Allen, and W.J.Krumm. (US, NACA 
RM A53129, 1953.) US, NACA TN 3529, Dec. ,1955. 
131 pp. Experimental investigation in the Ames 
16-ft. high-speed wind tunnel of the effects of plan- 
form taper on the aerodynamic characteristics on 
wings of aspect ratio of 4 with taper ratios of 0, 
0.2, and 0.5; of 3 with taper ratios of 0.14, 0.33, 
and 0.6; and of 2 with taper ratios of 0. 33, 0.5, 
and 0.72; and on NACA 63A00X airfoil sections 
with thickness-to-chord ratios of 8,6, 4, and 2 per 
cent, ata Mach range of 0.6--1.1 and a Reynolds 
range of about 1.4--2.0 million. Results, pre- 
sented in comprehensive graphical form, indicate 
that the greatest effect of taper on the lift-curve 
slope occurs for the wing configuration having the 
highest aspect ratio and the thinnest section, with 
the effect diminishing as the aspect ratio decreases 
and/or the thickness increases; thus, in general, 
increasing taper ratio increases the overall center- 
of-pressure travel for all the wings between sub- 
sonic to supersonic speeds. 
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OF WING-BODY WAVE DRAG. Harvard Lomax 

and M.A.Heaslet. IAS 24th Annual Meeting, New 
York, Jan.23-26, 1956, Preprint 617. 23 pp. 

25 refs. Members, $0.65; nonmembers, $1.00. 

Analysis of the Jones-Whitcomb Supersonic Area 
Rule in terms of its range of applicability and of 


the basic concept of the Transonic Area Rule to 
calculate wing-body interference effects, with an 
evaluation of other methods based on linearized 
theory and of recent results based on the non- 
linear, Small-perturbation transonic equation, 
and with comparisons between theoretical and 
experimental data. 


REDUCTION OF SUPERSONIC WAVE DRAG 
FOR WING-FUSELAGE COMBINATIONS AT ZERO 
LIFT. R.M.Licher. Douglas Rep. SM-19436, 
Nov., 1955. 13 pp. Application of a design cri- 
terion to combine fixed-wing geometry of elliptic 


plan form and optimum thickness distribution with 
modified fuselages to obtain minimum wave drag, 
with,the reductions in thickness drag being larg- 
est for low values of wing reduced aspect ratio. 


AEROELASTICITY 


AN APPLICATION OF THE METHOD OF 
EQUIVALENCE TO THE DEFLECTION OF A 
TRIANGULAR PLATE, D.E.Ordway and Carlo 
Riparbelli. J. Aero. Sci., Mar., 1956, pp. 252- 
258. Experimental investigation using the Broglio 
approach to determine the elastic behavior of a 
thin solid delta wing of an arbitrary sweep angle 
and rectangular chordwise cross section under 
any given normal loading and of a 45° swept wing 
under a uniform load, as in the case of such 
problems as flutter or divergence velocity. 


CONSTRUCTION AND TESTING OF A DOUBLY- 
FLEXIBLE FLUTTER MODEL OF A DELTA 
WING. M.M.Chen. MIT ASRL TR 54-2, June, 
1955. 57 pp. A demonstration of the design fea- 
sibility for a beam-network model structure to 
match a given set of influence coefficients for the 
XF-92A 60° delta wing with the correct external 
shape and mass distribution taken into account to 
obtain measurements for the material frequencies 
and mode shapes. Analysis includes: calculations 
for the effects of camber or chord bending, vibra- 
tion, and flutter under the root conditions of can- 
tilever, free-to-roll, and free-to-heave, anda 
comparison with experimental findings for the 
full-scale airplane, for which reasonable agree- 
ment is indicated. Results show that no flutter 
was encountered up to about 80 m.p.h. for any 
root condition studied in terms of the model de- 
Sign of a 20:1 velocity ratio, but with a modified 
model wing having an elevon, numerous flutter 
conditions occur at different elevon frequencies 
for each root condition. 


DEFLECTION MEASUREMENTS ON A 45° 
SWEPT AND TAPERED RECTANGULAR TUBE. 


G.L.Belcher, Australia, ARL Rep. SM.228, June, 
1955. 19 pp. Results of tests on a DTD 390 
aluminum model representing the structural por- 
tion of a swept and tapered wing with ribs parallel 
to the line of flight, with the measured deflections 
compared to the predictions obtained by the Hall 
method, and with a determination of the influence 
coefficients for eight points of the tube subjected 
to a concentrated load at each of these points in 
turn under the conditions allowing freedom of roll 
about the axis of symmetry by fitting the external 
ribs with axles running in self-aligning ball races 
mounted on a supporting framework rested on the 
floor; includes provisions for corrections of de- 
flection regions from dial gages. 


THE DIVERGENCE OF SUPERSONIC WINGS 
INCLUDING CHORDWISE BENDING. M.A.Biot, 
J. Aero. Sci.,., Mar. ,..1956, pp. 237-251, 
refs. NAVORD-sponsored investigation at CAL of 
the static aeroelastic stability problem covering 
the leading edge instability, the amplification factor 
for lift and overturning moment of a wedge, the 
stability of the biconvex leading edge, an approxi- 
mate treatment of the three-dimensional problem, 
a general numerical method to determine the 
stability of the cantilever wing as a function of 
Poisson's ratio and the magnitude of the deforma- 
tion, and the possible effects of aerodynamic non- 
linearity. 


EFFECT OF RIB FLEXIBILITY ON THE VIBRA- 
TION MODES OF A DELTA WING AIRCRAFT, 
W.D.Kroll. IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 585. 14 pp. Members, 
$0.50; nonmembers, $0.85. NavBuAer-sponsored 
analysis at NBS based on the findings of the South- 
west Res. Inst. investigation to determine the 
applicability of the prediction of critical flutter 
speed reduction obtainable from experimental 
models according to chordwise stiffness parameters, 
with calculations, using the consistent-deformation 
method of influence coefficient matrix, of the modes 
and frequencies for the basic wing and for modifi- 
cations of one or two ribs outboard of fuselage re- 
moved and stiffness of ribs outboard reduced one- 
half or nine-tenths. Analytical results indicate 
that the frequencies and modes of the modified 
shapes differ little from those of the basic wing 
and that changes similar to the modifigations would 
not appreciably affect the vibrational character- 
istics of the delta configurations. 


EFFECTS OF STRUCTURAL FLEXIBILITY ON 
GUST LOADING OF AIRCRAFT. Il - DYNAMIC 
STRESSES IN SWEPT-WING AIRPLANES. Appendix 
A - DERIVATION OF THE GENERALIZED MASSES 
AND FORCES. Appendix B - DETERMINATION 

OF TRANSIENT STRESSES. Appendix C - EFFECT 
OF NACELLE FLEXIBILITY ON WING STRESSES. 
Appendix D - EFFECT OF VIBRATORY DOWN- 
WASH AT THE HORIZONTAL TAIL, Appendix E - 
THE CONVERGENCE OF TRANSIENT STRESS 
METHODS. Appendix F - INVESTIGATION OF 
OPTIMUM NACELLE LOCATION. A.A. Kirsch, 
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J.M.Calligeros, and K.A. Foss. USAF TR 54-592, 
Part 2, Aug., 1955. 189 pp. 17 refs. Develop- 
ment of a simplified numerical method to deter- 


mine transient stresses in swept-wing aircrait 
after entry into a gust, taking into account the 
effects of the pitching motion and of the unsteady 
downwash at the tail. Results of the calculations 
indicate that more degrees of freedom are re- 
quired in the analysis of gust loads on flexible 
swept wings than for unswept wings; and that th: 
alleviation of gust loads commonly attributed to 
flexible swept wings always is cancelled at least 
partially by the increased pitching motion of the 
aircraft. 


EXPERIMENTAL PRESSURE DISTRIBUTIONS 
ON OSCILLATING LOW ASPECT RATIO WINGS. 
W.R, Laidlaw and R.L.Halfman. J. Aero. Sci., 
Feb. ,1956, pp. 117-124,176. 14 refs. NavBuAer- 
sponsored investigation in the MIT 5x 71/2 ft. 
Low-Speed Flutter Wind Tunnel ata constant air 
speed of 90 m.p.h., with the models mounted on 
the MIT-NACA airfoil oscillator for shaking the 
wing in sinusoidal motions at frequencies between 
2--15 cycles per sec., to measure the distribution 
of lifting pressure over the surface of low aspect 
ratio wings oscillating in an incompressible flow 
by means of a small light weight barium titanite 
pressure transducer during the simple harmonic 
pitching and vertical translation motions of the 
wings to obtain numerically integrated list and 
pitching moment distributions and total lift and 
pitching moment coefficients; tests on rectangular, 
sweptback, and delta plan forms in addition to a 
wing-tip tank configuration measured in both the 
wind tunnel and in still air. Analysis include 
evaluations of the relative merits of the Reissner 
high aspect ratio theory for accurate aeroelastic 
and dynamic stability calculations in the aspect 
ratio range above two; the Laidlaw low aspect ratio 
pressure distribution theory for measurements on 
rectangular wings; the Lawrence-Gerber low 
aspect ratio theory on chordwise lift distributions 
and total lift and pitching moment coefficients for 
rectangular delta wings; the Garrick-Voss very 
low aspect ratio theory for delta wings considered 
unsuitable for aspect ratios above one; and the 
Ashley high aspect ratio sweptback wing theory 
considered totally unsuitable in the low aspect 
ratio range; and of experimental results on the 
"end-plate" effect of wing tip tanks producing 
higher pressure amplitudes particularly near tl 
wing tips but with the phase angles essentially 
same as for wings without tanks. 


FLEXURE VIBRATION OF UNIFORM BEAMS 
SIMPLY SUPPORTED AT EQUAL INTERVALS - 
NORMAL MODES AND FREQUENCIES. C.M 
Cheng. GALCIT OSR TN-55-235, July, 1955. 21 
pp. Derivation of a simple formula to compute 
the frequency of each normal mode, expressible 


in terms of elementary functions in a closed form, 
taking into account the frequency spectra for the 
case of an infinitely long beam on infinite number 
of supports. Includes comparison to the relevance 


(38) 


of other investigations; application of the results 
to such complex problems as the flutter of panels 
and thin cylinders; and a demonstration of the 
analytical technique. 


THE FLUTTER OF A BUCKLED PLATE INA 
SUPERSONIC FLOW. Y.C.Fung. GALCIT OSR- 
TN-55-237, July, 1955. 36 pp. Solution, under 
the assumption of small reduced frequency and 
linearized aerodynamic theory, based on the 
Galerkin method of the problem for a thin elastic 
plate having the edges hinged to supports perfectly 
rigid and fixed in space, witha sufficiently large 
compressive load assumed to act in the plane of 
the plate to cause buckling, were the plate free 
from all tractions normal to the plate surface, 


considered as the nonlinear element related to the 
compressive load on the lateral deflection. In- 
cludes analyses of both the linear small amplitude 
flutter modes about equilibrium positions and the 
nonlinear finite amplitude modes and of theoretical] | 
and unsolved questions. Results indicate that the 
static stability of a panel in supersonic flow has no 
direct bearing on its dynamic stability about an 
equilibrium configuration dependent on aerodynamic 
damping and based on infinitesimal perturbations, 


THE FLUTTER OF SIMPLY SUPPORTED 
RECTANGULAR PLATES IN A SUPERSONIC 
FLOW. J.G.Eisley. GALCIT OSR TN-55-236, 
July, 1955. 62 pp. 11 refs. Analysis of the prob- 
lem using the linearized aerodynamic theory for 
the case of small deflections of a single rectangu- 


lar plate ot finite aspect ratio in a supersonic ) 
airstream as an extension of the Hedgepeth-Budi- 
ansky-Leonard treatment, following an approach ! 
similar to that of Shen, with the flutter mode 
described by a series expansion in terms of the 
normal modes of oscillation of the plate ina 
vacuum, under the simplifying assumptions of 
harmonic motion and approximation equations of 
the strip theory, in which the flow over any narrow 
strip parallel to the flow is represented by a two- 
dimensional solution, and of a quasi-steady equa- 


tion, in which all terms containing second and 


29 - 
aries 
for plates of varying aspect ratio for M= ¥2 and 
M & 2, 


higher orders of the reduced frequency are ne 
lected, Includes calculations of flutter bound 


FORCED VIBRATIONS OF A RIGID CIRC ULAR 
PLATE ON A SEMI-INFINITE ELASTIC SPACE 
AND ON AN ELASTIC STRATUM, G.N.Bycroft. 
Philos. Trans. Royal Soc. (London), Ser. A, Jan. 
5, 1956, pp. 327-368. 11 refs. Theoretical analy- 
sis to determine the two functions of frequency as 


the effective in-phase and out-of-phase components 
of displacement for the case of the unloaded circu- 
lar plate in terms of its impedance with four de- 
grees of freedom and the effect of plate loading by ) 
the addition of mass or moment of inertia, using 
dimensionless variables to decrease the number ) 
of parameters, taking into account the fundamental 
study of Lamb on the propagation of elastic waves, 
that of Reissner for the cases of the harmonically 
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foreed vertical translation of a rigid circular plate 
attached to elastic half-space and of torsional 
oscillations of an elastic half-space with simpli- . 
fied boundary conditions, that of Reissner and 
Sagoci for the similar problem using a system of 
oblate spheroidal coordinates, and that of Mar- 
guerre for wave propagation in elastic strata. In- 
cludes the factors of vertical and horizontal 
translation, rotation about a vertical and horizon- 
tal axis, and damping. 


MEASUREMENT OF THE AERODYNAMIC 
FORCES ON OSCILLATING AEROFOILS; A SUR- 
VEY OF TECHNIQUES USED FOR THE EXPERI- 
MENTAL DETERMINATION OF AERODYNAMIC 
DERIVATIVES FOR FLUTTER CALCULATIONS, 
Appendix - DIRECT MEASUREMENT OF THE 
FORCE VECTORS, W.G.Molyneux. Aircraft 
Eng., Jan., 1956, pp. 2-10. 10 refs. Relative 
merits of measuring techniques applied to the 
calculation of the eight relevant coefficients for a 
rectangular wing oscillating in, modes of vertical 
translation and uniform pitch. Includes the 
methods of free, forced, and flutter oscillations 
and of pressure plotting. 


PISTON THEORY - A NEW AERODYNAMIC 
TOOL FOR THE AEROELASTICIAN, Holt Ashley 
and Garabed Zartarian. IAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 610. 22 pp. 
20 refs. Members, $0.65; nonmembers, $1.00. 
Representative applications to simplify the solu- 
tions of high-speed, unsteady aeroelastic problems 
by means of aerodynamic techniques based on the 
physical model concepts of Lighthill and Hayes and 
as developed by Landahl-using expansions in 
powers of the thickness ratio and the inverse of 
the flight Mach Number in terms of theoretical 
predictions of a point-function relationship be- 
tween the local pressure on the surface of a wing 
and the normal component of fluid velocity pro- 
duced by the motion of the wing, with the computa- 
tion of generalized forces in aeroelastic equations 
such as the flutter determinant always reduced to 
elementary integrations of the assumed modes of 
motion. Analysis includes essentially closed- 
form solutions for the bending-torsion and control- 
surface flutter properties of typical-section air- 
foils at high Mach Numbers, demonstrating the 
increasingly important influence of thickness and 
profile shape as a function of the increasing Mach 
Number; an iterative procedure to obtain improved 
flutter eigenvalues through the successive intro- 
duction of higher order terms in the thickness ratio 
and the inverse flight Mach Number; a review of 
other applications to unsteady supersonic problems 
such as gust response and rapid maneuvers of 
elastic aircraft; and an evaluation of the potentiali- 
ties of the piston theory in aerodynamic-thermo- 
elastic interaction problems, with recommenda- 
tions for future research. 


A PRELIMINARY INVESTIGATION OF THE 
EFFECTS OF FREQUENCY AND AMPLITUDE ON 
THE ROLLING DERIVATIVES OF AN UNSWEPT - 
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WING MODEL OSCILLATING IN ROLL. L. R. 
Fisher, J.H. Lichtenstein, and K.D. Williams. 
US, NACA TN 3554, Jan., 1956, 29 pp. Unsteady 


motion analysis using a model with separable wing 
and tail assembly oscillating in roll through a 
range of frequencies and amplitudes at an angle of 
attack of zero degree and at one frequency and 
amplitude for two higher angles of attack, with-the 
model tested as a fuselage alone, a fuselage-tail 
combination, a fuselage-wing configuration, and 
as a complete configuration. Results indicate that 
the fuselage-tail combination is the only configura- 
tion exhibiting yawing moment due to rolling of any 
appreciable magnitude, with the wing-interference 
effect on the tail contribution estimatable accur- 
ately by means of existing steady-state theory; 
that the frequency or amplitude has no noticeable 
effect on the magnitude of the damping in roll for 
the model or any of its components at an angle of 
attack of zero degree; and that the rolling deri- 
vative measured by the oscillation tests generally 
are consistent at low angles of attack with the 
derivatives determined by conventional rolling- 
flow steady-state tests, but at a high angle of 
attack the oscillatory yawing moment due to roll- 
ing for the fuselage-wing configuration differs from 
that obtained under steady-state conditions. 


THE SOLUTION GF AEROELASTIC PROBLEMS 
ON WINGS OF ARBITRARY PLAN FORM BY 
MATRIX METHODS, J.J. Foody and L. Reid. 

J. RAeS, Dec., 1955, pp. 843-846. Analytical 
formulation in terms of the symmetric case, in 
which the problem of the maneuvering margin is 
due to the aeroelastic effect, and the anti- 
symmetric case dealing with the rolling effective- 
ness and the reversal speed for aileron controls. 


STRIP THEORY FOR OSCILLATING SWEPT 
WINGS IN COMPRESSIBLE SUBSONIC FLOW, 
W.Eckhaus, Netherlands, NLL Rep. F. 159, 
Oct., 1955. 14 pp. 12 refs. Theoretical deriva- 
tion using an asymptotic expansion under the 
assumption that the aspect ratio and the frequency 
of oscillation is not too small to analyze the general 
case of a lifting surface of arbitrary shape. In- 
cludes methods to calculate the pressure distri- 
bution from the integral equation of the strip 
theory related to the Possio-type equation. Results 
indicate that in the limiting case of incompressible 
flow the theory leads to results indentical with 
earlier results, 


SYNTHESIS OF BEAM-NETWORK STRUCTURES 
FOR LOW-ASPECT-RATIO FLUTTER MODELS. 
Appendix A - DERIVATION OF STIFFNESS SUB- 
MATRICES FOR A TWO-BAY LATTICE NETWORK. 
Appendix B - DERIVATION OF FLEXIBILITY 
SUBMATRICES FOR A THREE-BAY LATTICE 
NETWORK, Appendix C - EXPRESSIONS OF 
SUBMATRICES FOR MODEL WITH SIX CONTROL 
POINTS. M.M,Chen and S.1I.Gravitz. MIT ASRL 
TR 54-1, Mar., 1955. 90 pp. 24 refs. Methods for 
designing one-dimensional and lattice network 
structures to reproduce given sets of flexibility 
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influence coefficients at preassigned control points 
over the structure, with a development of an 


iterative procedure to solve the nonlinear relations 


in the unknown stiffnesses of the numbers of a 
lattice network used as elastic frameworks of the 
flutter models in the design and construction of 
static models related to the wing of the XF-92A. 


THE TORSIONAL VIBRATIONS OF A CLASS 
OF THIN, TAPERED, SOLID WINGS. Appendix I 
ANALYSIS FOR A PLATE OF VARYING THICK- 
NESS. Appendix II - CHORDWISE SECTIONS 
OTHER THAN RECTANGULAR, Appendix III - 


ST. VENANT FREQUENCY FOR TAPERED WINGS, 


W St. V," E, A. Frost. Gt. Brit., ARC CP 218, 


1955. 22 pp. BIS, New York. $0.65, Analysis, 
using a technique similar to that of Reisner and 
Stein, for the case of wings of doubly symmetrical 


chordwise section having linear variation of chord 
and parabollic variation of thickness, taking into 
account the effect of constraint against inherent 
axial warping, with graphical data on the fre- 
quencies of symmetrical and anti-symmetrical 
modes of vibration for a range of values of the 
aspect and taper ratios. 


AIRPLANE DESIGN 


STOL AIRPLANES - A NEW APPROACH TO 
AIR TRANSPORT, R.A.Darby. Aero. Eng. Rev. 
Mar., 1956, pp. 48-54. Developmental analysis 
of the Short Take-Off and Landing fixed-wing de- 
sign in terms of civil and military operational 
characteristics, with an evaluation of the applied 
forced circulation, vectored slipstream principle 
variable thrust incidence, and adapted direct 
turbojet support; includes a discussion of relati 
merits, potentialities, and trends. 


COMPUTERS 


ELECTROANALOGIC METHODS, II - SOLU- 
TION OF CONTINUUM-MECHANICS PROBLEM 
BY CONTINUOUS-TYPE CONDUCTIVE PROCE- 
DURES. T.J.Higgins. Appl. Mech.Rev., Feb., 
1956, pp. 49-55. 314 refs. Comprehensive re- 
view of the literature including experimental 
factors of elasticity, thermodynamics, hydro- 
dynamics, and aerodynamics, with provisions for 
error compensation. 


ELECTRONICS 


THE PROBLEM OF COOLING ELECTRONIC 


EQUIPMENT IN HIGH PERFORMANCE AIRCRAFT. 
IAS 24th Annual Meeting, New York, 


N,A,.Carhart. 


Jan, 23-26, 1956, Preprint 612. 19 pp. Members, 


$0.50; nonmembers, $0.85. Analysis of the pres - 
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ent and expected natural, varied, and modified 
environment of aircraft and of means to achieve 
greater efficiency by a more accurate definition of 
heat-transfer requirements related to better co- 
ordination between aircraft and electronic manu-. 
facturers and performance criteria of aircraft and 
electronic components. 


EQUIPMENT 


ACCESSORY DRIVE TURBINES FOR AIRCRAFT 


AND MISSILES, O.E.Balje. Aero. Eng. Rev., 
Mar., 1956, pp. 60-67. Simplified analysis of the 
adaptability of conventional single-stage turbine 


designs to accessory drives in terms of excessively 


high required rotational speeds, impulse and re- 
action turbine efficiency as a functionof velocity 
ratio and design geometry of air passages, the 
relationship between specific speeds and the ratio 


of the effective nozzle area to the impeller diameter, 


and drag pump peak efficiencies and pressure co- 
efficients as functions of the ratio of drag factors, 
with drag turbine performance charts and test 
values. 


INSTRUMENTS 


INVESTIGATIONS OF THE PROPERTIES OF 
CORRUGATED DIAPHRAGMS, W.A, Wildhack, 
R.F.Dressler, and E.C. Lloyd. ASME Diamond 
Jubilee Annual Meeting, Chicago, Nov. 13-18, 
1955, Paper 55-A-181. 
of pressure deflection characteristics of the dia- 
phragms using dimensional analysis based on ex- 
perimental results for various sizes, materials, 
thicknesses, and shapes; derivation of linear shell 
equations for combined bending and stretching 
effects, with lateral loading terms for rotationally 
symmetrical shell in appropriate independent and 
dependent variations suitable for complicated 
meridial shapes, and with boundary conditions for 


practical diaphragm applications; analysis includes 
a method for the solution of the system of equations 


by means of an electronic digital computer. 


PULSATING FLOW MEASUREMENT BY 
VISCOUS METERS, WITH PARTICULAR REF- 
ERENCE TO THE AIR SUPPLY OF INTERNAL- 
COMBUSTION ENGINES, Appendix I - OSCILLA- 
TIONS AND DAMPING OF MANOMETER LIQUID. 


Appendix Il - MAXIMUM ALLOWABLE ACCELERA- 


TION, Appendix III - LAMINAR FLOW THROUGH 
A PASSAGE OF TRIANGULAR SECTION, L.J 
Kastner and T.J. Williams. IME Proc., No. 2 
1955, pp. 419-432; Discussion, pp. 433-437; 


. 


Communications, pp. 437-440; Authors' reply, pp. 


441-444, 3] refs. Experimental evaluation of 
design and performance of viscous meters with its 
stream directed through a number of narraqw pas- 
sages across which the pressure difference is 


39 pp. 19 refs. Correlation 
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measured, with the Reynolds Number kept so low 
that the flow is laminar, 


MATERIALS 


CURRENT PROBLEMS OF THE METALLURGY 
OF TITANIUM, II - THE REDUCTION OF TI- 
TANIUM TETRACHLORIDE WITH MAGNESIUM, 
lll - THE PRODUCTION OF TITANIUM BY FUSED 
SALT ELECTROLYSIS, W.J.Kroll. (Metall, Ber- 
lin, No. 9/10, 1955, pp. 366-376) Gt. Brit., RAE 
Lib. Transl, 554, Oct., 1955. 29 pp. 66 refs. 
Metallurgical analysis of chemical, physical, 
purification, and applicational properties in terms 
of cost and production requirements, witha 
comprehensive review of the literature. 


INFLUENCE OF TEMPERATURE ON CREEP, 
STRESS- RUPTURE, AND STATIC PROPERTIES 
OF’ MELAMINE-RESIN AND SILICONE-RESIN 
GLASS-FABRIC LAMINATES, W.N,Findley, 
H.W. Peithman, and W.J.Worley. US, NACA TN 
3414, Jan., 1956. 71 pp. 14 refs. Results of 
static-tension, static-compression, tension-creep, 
and time-to-fracture tests at temperatures up to 
600° F. indicating the weakening of mechanical 
properties of the laminates directly related to an 
increase in temperature, with the creep data 
considered as additional evidence showing the per- 
cent of strain increase from one given time to 
another, and referred to as ''creepocity,'' is in- 
dependent of stress and represented by an equation 
based on an activation-energy theory and a power 
function of time describing the effect of stress, 
time, and temperature, 


The analysis indicates 
the possibility that no creep occurs at tempera- 


tures below -10° F. for the melamine-resin lami- 


nate and below - 119° F. for the silicone-resin type. 


ON THE THERMAL ASPECT OF FATIGUE. 
A.M. Freudenthal and J.H. Weiner. J.Appl.Phys., 
Jan., 1956, pp. 44-50. 32 refs. WADC-supported 
investigation of the mechanism of thermal fatigue 
analyzed in terms of the factors of heat release 
in slip processes, quasi-steady state for moving 
heat sources, temperature level on slip-planes, 
moving heat source in an infinite medium and be- 
tween insulating planes, and temperature and 
thermal stress intensity in fatigue stressing ofa 
particular material such as aluminum, Results 
indicate a close interrelationship between slip and 
fatigue damage such that the highly localized 
temperature and associated thermal stress gradi- 
ents in front of active slip planes, resulting from 
the conversion into heat of the work in slip of the 
resolved shear stress, are of sufficient severity 
to account for the initiation of micro-cracks 
parallel to the slip planes if the slip under re- 


peated stress cycles is concentrated into stria- 
tions, 


ON THE SOLUTION OF PROBLEMS OF DY- 
NAMIC PLANE ELASTICITY. J,R.M.Radok. 


Australia, ARL Rep. SM. 230, July, 1955. 16 pp. 
Evaluation of the complex variable approach to the 
study of dynamic equations with the stress func- 
tion providing the solution of a fourtheorder partial 
differential equation reduced to a generalized 
biharmonic form of the type occurring in aniso- 
tropic elasticity for wave calculations and expressed 
in terms of two analytic functions, corresponding 
to two types of waves occurring in elastic media, 
defining the stress and displacement components 
leading to a reduction of boundary-value problems 
into the complex function theory. Applications of 
the results include analyses of the problems of the 
moving Griffith crack and of moving dislocations. 


MISSILES 


BALLISTIC MISSILE PERFORMANCE, J. W. 
Reece, R.D. Joseph, and Dorothy Shaffer. Cornell 
Aero. Lab. Rep., Sept. 16, 1955. 25 pp. Develop- 
ment of a semianalytic method for calculating the 
range of one-stage ballistic rocket-propelled sur- 
face-to-surface missiles to obtain simple approxi- 
mation of the fundamental complex trajectory 
problem applicable to a 50--500 nautical mile 
range, taking into account solutions of the equa- 
tions of motion, hypothetical flight-in-vacuum 
values, and corrections for the effective drag. 
Principal assumptions include: that the missile 
behaves as a mass point ignoring stability factors; 
that it follows a great circle path ignoring the 
Coriolis acceleration due to the earth's rotation; 
that flight is under NACA standard atmospheric 
conditions; that the vertical launching and impact 
take place at sea level, with the trajectory between 
launching and cut-off programmed in order to ob- 
tain a constant rate of change of the flight path 
angle with respect ot time; that the thrust and rate 
of mass ejection are constant; and that the correc- 
tions for drag are small as compared to the 
quantities for which they are applied. 


UBER EINE SIMULTANE ANALYTISCHE INTE- 
GRATION DER BEWEGUNGSGLEICHUNGEN EINES 
GEFLUGELTEN GERATES IM UBERSCHALLGLEIT- 
FLUG. H.J.Kaeppeler. Astronautica Acta, Fasc. 
4, 1955, pp. 166-170. In German. Analytical 
integration of the simultaneous differential equa- 
tions of motion of a winged body in arrested-engine, 
nonpowered supersonic glide without a retarding 
wake, under the assumption that the angle of in- 
clination of the trajectory tangent and the lift-to- 
drag ratio remain constant. Includes data on an 
arbitrary atmosphere and the variation of gravity 
to altitude, with relations for the calculation of 
the velocity of variation with altitude and time 
dependent on the motion in the trajectory. . 


PHOTOGRAPHY 


A HIGH-SPEED CAMERA FOR THE PHOTOG- 
RAPHY OF SHOCK-WAVE OSCILLATIONS IN A 
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WIND TUNNEL. D.W.Holder, R.J.North, W.G. 
Standring, and J.S.T. Looms. Gt. Brit., ARC 
R&M 2901 (Aug., 1949), 1955. 15 pp. BIS, New 


York. $1.15. Development to permit study of 
quasi-stationary phenomena adapted for either the 
schlieren or the shadowgraph methods at camera 


speeds up to 2,000 frames per sec. with exposures 
of the order of 
photographs of oscillations occurring when the 
critical Mach Number is exceeded at low Reynolds 
Number on an EC 1250 airfoil. 


1 microsec.; includes sample 


POWER PLANTS 


Jets and Turbine 


AN ACCURATE CALIBRATION OF A DERWENT 
8 GAS TURBINE, Appendix A - OCRRECTION OF 
OBSERVED RESULTS TO STANDARD CONDITIONS 


AS SPECIFIED BY THE ENGINE MANUFACTURER. 


R.V.Pavia. Australia, ARL Mech, Eng. Note 202, 
Aug., 1955. 20 pp. Test-bed instrumentation and 
detailed measurement of thrust to determine per- 
formance levels, air-intake and jet pipe tempera- 


tures, engine speeds, pressure parameters, fuel 
consumption, and compressor delivery. 


REVERSE THRUST, VERTICAL LIFT, AND 
SIDE FORCE BY MEANS OF CONTROLLED JET- 
DEFLECTION, Leonard Meyerhoff and S.A. 


Meyerhoff. IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 624. 25 pp. 24 refs. 
Members, $0.65; nonmembers, $1.00. USAF- 


supported investigation of the application of pro- 
pulsive jet deflection as a means of augmenting 
the control of jet aircraft particularly at low 
speeds in terms of take-off and landing require - 
ments when using thrust reversal as the braking 
technique to decrease markedly the landing run, 
and of its use for side forces for jet steering, jet 
enforced lift to permit flight below the normal 
stalling speed, and thrust modulation. Results 
indicate that the minimum flight speed with jet 
lift is dependent primarily on the ratios of static- 
thrust to weight and lift to drag; that the time 
elapse between the touchdown and the use of rated 
negative thrust partially nullifies the effect of jet 
reversal; and that rapid in-flight deceleration for 
a transport could be advantageous as a method for 
a fast slow-down in the event of emergency. 


TESTS ON A TYPICAL WHITTLE COM- 
PRESSOR. A.Simons and C.K.Roberts. Gt. Brit., 
ARC R& M 2913 (July, 1952), 1955. 10 pp. BIS, 
New York. $0.75. Results on design and per- 
formance levels of the compressor used in the 
W2/700 series of jet engines, indicating that at 
1,500 ft. per sec. the overall pressure ratio or 
total head is 4,27 and the adiabatic efficiency 75.6 
per cent at a mass flow of 36.3 lb. per sec., and 
that the overall efficiency falls rapidly from 79.6 
per cent at 1,400 ft. per sec. to 75.6 per cent at 
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1,500 ft. per sec. due to choking of the outer half 
of the impeller eye, with the maximum diffuser 
efficiency rated at approximately 80 per cent ata 


tip speed of 1,500 ft. per sec. 


Rocket } 


LOW -FREQUENCY COMBUSTION INSTA- 
BILITY IN BIPROPELLANT ROCKET MOTORS - 
EXPERIMENTAL STUDY. M.Barrere and A. 
Moutet. Jet Propulsion, Jan., 1956, pp. 9-19. 

12 refs. Development of methods to measure the 


short-time response from circular and rectangular 
section chambers, with calculations of the fre- 
quency related to chamber size and design char- 
acteristics, mean pressure of the flame body as 

well as the fluctuating pressures, and the nature 

of the fuels used, with the parameters of fuel 
mixture ratios, injection overpressure, and length 
and section of connections considered as secondary | 
in nature. Analysis includes: the fundamental 
aspects of the Crocco distinctions between normal 
and unstable combustion; and a compariscn of 
theoretical and experimental results. 


MEASUREMENTS OF THE COMBUSTION TIME 
LAG IN A LIQUID BIPROPELLANT ROCKET } 


MOTOR, Luigi Crocco, Jerry Grey, andG.B. 
Mathews. Jet Propulsion, Jan., 1956, pp. 20-25, 
15 refs. NavBuAer-sponsored investigation at | 


the Princeton Jet Propulsion Center to obtain data 

on the suppression of high-frequency combustion 
instability in rocket design and development, with } 
a description of the experimental technique and 
instrumentation to calculate the combustion } 
chamber transfer function through an introduction 

of small sinusoidal oscillations into the flow rates, 
and with an extension if the general high-fre- 

quency analysis to the ranges of the modulating 
frequency for greater accuracy. 


THERMODYNAMIC THEORY OF ROCKET 
MOTOR WITH HYDRAZINE AND NITRIC ACID 
AS FUELS. J.M.J.Kooy. Astronautica Acta, 
Fasc. 4, 1955, pp. 157-165. Derivation of 
equations to obtain the concentrations in the ex- 
panding mixture as functions of pressure and 
temperature and to compute the exhaust speed 
when the pressure in the combustion chamber is 
prescribed, taking into account the recombina- 
tion of the molecules during the expansion o the 
gases in the nozzle, with the results applied to 
rocket design. 


PRODUCTION 


AIR OPERATIONS CONSCIOUSNESS IN AERO- 
NAUTICAL ENGINEERING. R.H.Miner. Aero. 
Eng. Rev., Mar., 1956, pp. 72-77. Conceptual 
operational time and motion bases for a more j 
realistic planning and developmental cycle related 


to fundamental research and aimed towards the 
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conservation of engineering skills and manpower 
in an orderly technical decision-making process 
as applied to military airplane and missile design 
requirements related to performance regimes and 
flight safety. 


BRITAIN'S AIRCRAFT NEEDS; A SURVEY OF 
THE POSTWAR POSTION AND FUTURE RE- 
QUIREMENTS. A.H.Roy Fedden,. (First Lord 
Sempill Paper, 4th Aircraft Prod. Conf. ,South- 
hampton, Engl., Jan. 6,7, 1956.) Aircraft Prod., 
Feb., 1956, pp. 50-59, Evaluative appraisal of 
fundamental factors including: military and civil 
transport orders; cost bases; aircraft design plan- 
ning and research; technical and sales organiza- 
tion; prototype development and testing; inspection, 
tooling, and fabricational problems; training and 
procurement of engineers and technical personnel; 
and trends. 


PLASTIC FORMING OF METALS; WHERE ARE 
WE NOW AND WHERE ARE WE GOING? Alexander 
Zeitlin. ASME Diamond Jubilee Annual Meeting, 
Chicago, Nov. 14, 1955, Paper. 31 pp. 36 plates. 
Detailed analysis of the developmental, fabrica- 
tional, and operational problems and techniques 
of the Heavy Press Program. 


PROPELLERS 


THEORY OF THE BROAD-BLADED PRO- 
PELLER, Addendum - INFLUENCE OF THE 
OTHER BLADES ON THE PROPELLER BLADE 
CAMBER FACTOR, G,I.Ginzel. Gt.Brit., ARC 
CP 208 (June, 1952), 1955. 74 pp. 10 refs. BIS, 
New York. $1.40. Analytical development of the 
Ludwieg-Ginzel theory as modified considering the 
propeller blade as a lifting surface, taking into 
account the downwash inducing the inclination of 
flow, the downwash derivative, the corresponding 
induced camber of the streamlines for the special 
case of shock-free entry of flow at the leading 
edge, and the influence on the camber correction 
factor of the blade shape, of the number of blades, 
and of circulation distribution over the radius, 


ROTATING WING AIRCRAFT 


HISTORY AND DEVELOPMENT ISSUE: THE 
STORY OF THE BIRTH AND DEVELOPMENT OF 
THE HELICOPTER INDUSTRY. J. AHS, Jan., 
1956, 140 pp. Contents: Progress and Challenge, 
W.B.Bunker. History of the American Helicopter 
Society, Inc., H. M. Lounsbury. American Auto- 
giro, Gyroplane and Early Convertaplane Develop- 
ments, A.E, Larsen. A History of NACA Research 
on Rotating-Wing Aircraft, F.B.Gustafson. The 
History of Sikorsky Aircraft. Piasecki Helicopter 
Corporation. Up With Bell Helicopters, G.J. But- 
terbaugh, Hiller Helicopters: New Ideas for a 
New Industry, R.W.Kummer. The Kaman Air- 


craft Corporation, Charles Kirchner. History of 
the Helicopter Engineering Division, McDonnell 
Aircraft Corporation, F.H.Roever. History of 
Kellett Helicopter Development, F.K. Meek. His- 
tory of Doman Helicopters, Inc., S. duPont and G. 
Montgomery. CH-1 Complements Cessna's Light 
Aircraft Fleet. Development of Civil Helicopter 
Airworthiness Standards, B.L.Springer. History 
of Air Force Development of Rotary-Wing Aircraft, 
C.W.Hardy. The Army Helicopter, Past, Present 
and Future, E.C.Wood. Helicopters in Naval 
Aviation, W.G.Knapp. U.S.Coast Guard - Rotary- 
Wing Development, U.S. Marine Combat Helicopter 
Applications, L. Montross. Los Angeles Airways - 
The World's First Scheduled Helicopter Airline, 
C.M.Belinn. New York Airways, Pioneer in 
Metropolitan Passenger Service, G.Daly. Heli- 
copter Air Service, Inc. - Its Contributions to the 
Advancement of the Helicopter Art, R.R.Roadcap. 
Rick's Non-Scheduled Helicopter Operations, J.S. 
Ricklefs. The Story of Kern Copters, Inc., E. 
Rudnick. Growth and Development of Petroleum 
Helicopters, Inc., F.W.Lee. Okanagan, Pioneers 
of Helicopter Mountain Flying, Ada Carlson. 


A REVIEW OF METHODS FOR PREDICTING 
HELICOPTER LONGITUDINAL RESPONSE, Law- 
rence Kaufman and Kenneth Peress. J.Aero.Sci., 
Mar., 1956, pp. 259-271. 10 refs. Analysis of 
the relative merits and implications of the approxi- 
mations obtained by different analytical techniques 
in terms of the frequency response, with a deriva- 
tion of the equations of motion of a single-rotor 
design. Development of simplification procedures 
as compared to flight test data under the assump- 
tion that: the slope of the lift curve and the blade 
profile drag coefficient are the same for all blade 
sections; the blade is rectangular in plan form or 
represented as such through the determination of 
an equivalent constant chord and is infinitely stiff 
in bending and torsion; the pitch does not vary with 
distance along the blade, the flow over the blade 
is everywhere subsonic without the occurrence of 
flow reversals and with the inflow constant over 
the rotor disc; the tip losses of circulation have 
only a negligible effect on the total acting forces; 
the flapping and fuselage attitude angles and the 
effect of rotor slipstream on fuselage forces and 
moments are sufficiently small; the flapping hinge 
offset, the nonstationary flow effects on aerody- 
namic derivatives, and the lagging displacements 
and velocities are negligible with the flapping hinge 
considered as a frictionless pin joint; the rotor 
angular speed remains constant; and the longitu- 
dinal motions of the single-rotor design are not 
affected by the longitudinal forces and moments 
due to the tail rotor. 


THE SIMPLE HARMONIC MOTION OF A 
HELICOPTER ROTOR WITH HINGED BLADES, 
Appendix - THE COMPARISON WITH CALCULA- 
TIONS FOR CONSTANT ANGULAR VELOCITY 
AND CONSTANT ANGULAR ACCELERATION, 
J.K.Zbrozek. Gt. Brit., ARC R&M 2813 (Apr., 
1949), 1955. 12 pp. BIS, New York. $0.90. 
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Stability analysis expressing the angles of tiltas 
functions of angular velocity and acceleration in 
terms of a titled tip-path plane with respect to the 
shaft in the plane of oscillation and to the plane 
perpendicular to it, taking into account the ini 


WIND TUNNEL TESTS ON A6FT DIAMETER 
HELICOPTER ROTOR, T.B.Owen, R. Fail, and 
R.G.W. Eyre, Gt. Brit., ARC CP 216, 1955. 
pp. BIS, New York. $0.90. 
thrust, torque, and flapping angle over a range 
blade angles, shaft inclinations, and tip speed 


Measurements of the 


ratios, with a comparison to data ona 12 ft. di- 
ameter rotor previously tested in the 24 ft, tunnel 


STRUCTURES 


ANALYSIS OF THE PREMATURE STRUCTURAL 


FAILURES IN STATIC TESTED AIRCRAFT, L.S. 
Jablecki. ETH Inst, fur Flugzeugstatik & Flug- 
zeugbau, Mitteil., No. 3, 1955. 100 pp. AMC in- 
vestigation covering results for the period of 1940- 


49 to compare success versus failure in struc- 
tural testing of the principal components including 
wings, fuselage designs, horizontal and vertical 
stabilizers, and landing gears, with a discussion 
on distribution of loads in long riveted joints, and 
with a development of detailed charts on failure 
expectancy curves, 


EINDIMENSIONALE PROBLEME DEI EINEM 
NICHTLINEAREN ELASTIZITATSGESETZ., Frie- 
drich Jindra,. ZAMP, Sept. 25, 1955, pp. 345-355. 
In German, 
lems solved by a general nonlinear elasticity law 


Investigation of clastometric prob- 


for small strains dependent only on one coordinate 
applying the Cartesian coordinates to determine 
the two arbitrary functions of the nonlinear elas- 
ticity law. Analysis includes: numerical examples 
of the considerable deviation of stress distribution 
from linear theory especially at the boundary; and 
calculations of stresses in thick tubes and thick 
hollow spheres subjected to a uniform internal 
pressure for cylindrical and polar coordinates. 


INVESTIGATION ON THE ULTRASONIC TEST - 
ING OF GLUED METAL JOINTS, J.Schijve. 
Netherlands, NLL Rep. M. 1995, Sept. 30, 1955. 
54 pp. Theoretical analysis of the results of 
ultrasonic transmission and resonance tests on 
the glued joints of inferior bonding quality due to 
various manufacturing causes. 


THE MATRIC SOLUTION OF CERTAIN NON - 
LINEAR PROBLEMS IN STRUCTURAL ANALYSIS, 
P.H.Denke, J. Aero. Sci., Mar., 1956, pp. 231- 
236. Use of the matric formulation of the Max- 
well-Mohr equations to solve problems character - 
ized by the dependence of the flexibility matrix 
upon the internal load as for the cases of nonlin- 
earities resulting from plasticity and from certain 


types of buckling in terms of given general non- 
linear load and deflection equations. Analysis 
includes a derivation of an iterative solution by 
the Newton-Raphson method, with the results 
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applied to an indeterminate plastic swept-wing 
structure by means of the Ramberg-Osgood rela- 
tionship using a high-speed digital computer to 
obtain the numerical data. 


TABLES AND CURVES FOR DEFORMATION 
AND STRESSES IN CIRCULAR CYLINDRICAL 
SHELLS UNDER LOCALIZED LOADINGS. 
Kempner, James Sheng, and F.V.Pohle. Polytech, 
Inst. Bklyn. Dept. Aero,Eng. & Appl. Mech. , PIBAL 
Rep. 3 34, Oct., 1955, 84 pp. 19 refs. Results of 
calculations based on the Donnell equations for 
displacements, rotations, membrane stresses, and 
bending stresses corresponding to line loadings 
along generated segments of the simply supported 
thin-walled shells of radius-to-thickness ratios of 
10:1500 and radius-to-length ratios of 1/5:10. 


Joseph 


THERMODYNAMICS 


AN ANALYSIS OF TURBULENT FREE-CONVEC- 
TION HEAT-TRANSFER, Appendix I - TEMPER- 
ATURE DROP ACROSS THE TURBULENT LAYER, 
Appendix II - APPROXIMATE SOLUTION OF THE 
INTEGRATED BOUNDARY-LAYER EQUATIONS, 
F.J. Bayley. IME Proc., No. 20, 1955, pp. 36l- 
368; Communications, pp. 369, 370. 14 refs. In- 
vestigation of methods of cooling gas turbine rotor 
blades by the evaporation of liquids enclosed with- 
in them to extend the results on natural convection 
and evaporative heat transfer to the range of vari- 
ables relevant to the basic problem, with a theoret- 
ical development relating the nondimensional heat- 
trasfer coefficient to the boundary-layer thick= 
nesses determined from solutions of the simplified 
heat and momentum balance equations as applied 
to fluids of Prandtl near unity and to liquid metals 
of very low Prandtl Numbers. 


SUR LA THERMODYNAMIQUE DES PROCES- 
SUS IRREVERSIBLES, IV. Kyrille Popoff. ZAMP, 


Sept. 25, 1955, pp. 378-386. In French. Investi- 
gation of the problem of irreversible thermody- 
namic processes for the case of constant tempera- 
ture and pressure in the surrounding area ofa 
system of heat interchange, with the results applied 
to the theory of phases and to an analysis of 
energetic barriers. 


WIND TUNNELS AND RESEARCH FACILITIES 


A SCHLIEREN SYSTEM FOR PERFORATED 
WALL TYPE TRANSONIC WIND TUNNELS. 
Appendix - FACTORS AFFECTING THE SENSI- 
TIVITY OF THE MULTIPLE-SOURCE 
SCHLIEREN, Eugene Behun. USAF WADC TR 
54-511, Dec., 1954. 38 pp. Development of flow- 
visualization techniques and test procedures to 
provide for required modifications of mechanical 
and aerodynamic designs of the test section to 
eliminate problems of shock reflections at the 
perforated tunnel walls using an improved multiple- 
source schlieren and shadowgraph methods for 
greater interpretation of the visible flow pattern. 
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Polyester Casting Resins for Rigid 
Insulating Parts. R. G. Black. Elec. 
Mfg., Oct., 1955, pp. 1389-142. Fabrica- 
tional and design problems, with an 
evaluation of the relative merits of the 
cast-resin technique. 

Quality-Type Components for Printed 
Wiring. John F. X. Mannix. Elec. Mfg., 
Oct., 1955, pp. 126-131. Military stand- 
ards and requirements of the Auto- 
Sembly fabricational system. 


Cooling 

Evaporative Spray-Tower Technique for 
Electronic Equipment Cooling. Alvin R. 
Saltzman. Elec. Mfy., Oct., 1955, pp. 
106-113. Analytical development of the 
“water-cooled tower’ design principle 
incorporating simultaneous heat and mass 
transfer applied to an electronic chassis 
for airborne components, with a tabular 
breakdown of performance characteris- 
tics of the system’s diffusion chamber. 


Crystals 


Ferroelectric Hysteresis in Barium 
Titanate Single Crystals. H. H. Wieder. 
J. Appl. Phys., Dec., 1955, pp. 1,479- 
1,482. 

Polarization in Thorium Oxide Crystals. 
W. E. Danforth and J. H. Bodine. J. 
Franklin Inst., Dec., 1955, pp. 467-483. 
Army-Navy-supported analysis of the 
conductivity phenomena in a low oxygen 
state existing in high temperature and high 
vacuum operation. 

Thickness-Shear and Flexural Vibra- 
tions of Rectangular Crystal Plates. R. 


AERONAUTICAL REVIEWS 


D. Mindlin and H. Deresiewicz. J. Appl. 
Phys., Dec., 1955, pp. 1,485-1,442. ONR- 
Army-supported investigation. 


Dielectrics 


Research Progress 
1955. Alex E. Javitz. Elec. Mfg., Dec., 
1955, pp. 90-98. Review of circuit de- 
sign problems and trends, including: 
measurements of corona effect; surface 
failure of solid insulators; basic physical 
tests on silicones; development of a new 
ferroelectric; 
and liquids. 


in Dielectrics— 


breakdown studies in gases 


Electronic Controls 


Basic Control Circuits Are Packaged. 
L. S. Klivans. Electronics, Dec., 1955, 
pp. 122-125. Potential application to 
the development of complex control 
systems incorporating a.c. and d.c. am- 
plifiers, servo amplifiers, modulators, and 
pressure transducers. 

IRE Standards on Graphical and Letter 
Symbols for Feedback Control Systems, 
1955. W. M. Pease, J. E. Ward, E. Weber, 
and R. F. Shea. Proc. IRE, Nov., 1955, 
pp. 1,608—1,616. 


Electronic Tubes 


The Cascade Backward-Wave Ampli- 
fier: A High-Gain Voltage-Tuned Filter 
for Microwaves. M. R. Currie and J. R. 
Whinnery. Proc. IRE, Nov., 1955, pp. 
1,617-1,631. Results of a USAF-spon- 
sored theoretical and experimental in- 
vestigation on the characteristics of a 
backward-wave circuit as a beam modula- 
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“Condi 


for every electrical circuit 


These electrical connectors are designed and built to 
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tor and demodulator applied to design 
of the amplifier tube. 

Glow-Discharge Stabilizers; Influence 
of Some Tube Parameters on Impedance- 
Frequency Variations. F. A. 
and L. J. Bental. Wiéreless Engr., Dec., 
1955, pp. 330-336. 14 refs. 

Small Power Valves; Design of Elec- 
trode Systems for Particular Applications. 
R. E. Wyke. Wireless World, Oct., 1955, 
pp. 513-516. 

Theoretical Basis for Measuring the 
Saturation Emission of Highly Emitting 
Cathodes Under Space-Charge-Limited 
Conditions. C. R. Crowell. J. Appl. 
Phys., Nov., 1955, pp. 1,353-1,356. 


Benson 


Magnetic Devices 


Analysis of a Differential Magnetic 
Amplifier with Flux Reset Control. Charles 
A. Belsterling. J. Franklin Inst., Dec., 
1955, pp. 485-505. Theoretical prin- 
ciples, design, and operational factors. 

Electrical Analog of the Eddy-Current- 
Limited Domain-Boundary Motion in 
Ferromagnetics. G. Brouwer. J. Appl. 
Phys., Nov., 1955, pp. 1,297-1,301. 

Influence of ID-OD Ratio on Magnetic 
Properties of Toroidal Cores. R. W. 
Roberts and R. I. Van Nice. Elec. Eng., 
Oct., 1955, pp. 910-914. Abridged. 

Influence of Pulsed Magnetic Fields 
on the Reversal of Magnetization in 
Square-Loop Metallic -Tapes. D. S. 
Rodbell and C. P. Bean. J. Appl. Phys., 
Nov., 1955, p. 1,318-1,323. 

Magnetic Amplifiers in Industrial Con- 
trol Systems. I, II. S. J. Campbell. 
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Elec. Mfg., Nov., Dec., 1955, pp. 145- 
149, 104-110. Conceptual basic prin- 
ciples applied to regulatory functions 
concerned with speed, current, and ten- 
sion, with graphical and circuit details. 

New Active Circuit Element Using the 
Magnetoresistive Effect. A. Aharoni, 
E. H. Frei, and G. Horowitz. J. Appl. 
Phys., Dec., 1955, pp. 1,411-1,415. 12 
refs. 

Producing Motion with Magnetostric- 
tive and Piezoelectric Transducers. L. A. 
Petermann. Elec. Mfg., Dec., 1955, pp. 
99-103. Properties of materials used, 
design configurations, operational factors, 
and applications. 


Measurements & Testing 
Leakage Testing of Sealed Electronic 


Enclosures. David C. Bedwell and Earl 
A. Meyer. Elec. Mfg., Dec., 1955, pp. 
127-133. 


Measurement of Damping and Natural 
Frequency. Alvin B. Kaufman. Jn- 
struments & Automation, Dec., 1955, pp. 
2,104-2,108. Simple and rapid method 
for measuring electrical structures. 

A Re-Evaluation of Vibration Testing 


Techniques. Joseph Kaufman. Elec. 
Mfg., Nov., 1955, pp. 132-138. Require- 


ments of guided-missile in-flight environ- 
mental conditions for component tests, 
with analytical graphical data on the 
underlying principles of acceleration spec- 
tral density spectrum as a forcing function. 

Survey of Airborne Microwave Refrac- 
tometer Measurements. C. M. Crain. 
Proc. IRE, Oct., 1955, pp. 1,405-1,411. 
13 refs. USAF-sponsored study. 


Navigation Aids 


Navy Requirements for Air Navigational 
Aids, Communications Facilities, and Air 
Traffic Control 1955-1975. H. I. Roth- 


rock. JAS 24th Annual Meeting, New 
York, Jan. 23-26, 1956, Preprint 598. 
10 pp. Members, $0.35; nonmembers, 
$0.75. 

Networks 


A Matrix Method in the Solution of 
Cascaded Four-Terminal Networks. R. 
E. Vowels. Australian J. Appl. Sci., 
Dec., 1955, pp. 427-441. 

New Filter Theory of Periodic Struc- 
tures. II. W.K. R. Lippert. Wireless 
Engr., Nov., 1955, pp. 305-310. Exten- 
sion of a method based on the functions of 
characteristic reflection and transmission 
factors applied to linear and passive four- 
terminal networks. 

The Response Functions and Vector 
Loci of First and Second Order Systems. 
II—The Symmetrically-Resonant Re- 
sponse and the Circular Locus. III 
An Asymmetrically-Resonant Response 
and a Cordiform Locus. IV—Further 
Types of Second Order Response Func- 
tions and Vector Loci. David Morris. 
Electronic Eng., Oct., Nov., Dec., 1955, 
pp. 442-444, 499-501, 546-548. Review 
of network theoretical principles; applica- 
tions include automatic feedback circuits. 


Noise & Interference 


Detection of Pulse Signals in Noise; 
Theory of Intensity-Modulated Display in 
Terms of Just-Noticeable Differences. 
D. G. Tucker and J. W. R. Griffiths. 


Wireless Engr., Nov., 1955, pp. 290-297. 

Direct-Reading Noise-Figure Indicator. 
C. E. Chase Electronics, Nov., 1955, 
pp 161-163 USAF-Army- Navy-sup- 
ported development at MIT as an aid in 
evaluating performance of traveling-wave 
tubes and other microwave components. 

Interception Noise in Electron Beams at 
Microwave Frequencies. W. R. Beam. 
RCA Rev., Dec., 1955, pp. 551-579. 14 
refs 

Theory of Shot Noise in Junction Di- 
odes and Junction Transistors. A. Van 
der Ziel IRE, Nov., 1955, pp 
1,639-1,646 


Oscillators & Signal Generators 


Junction Transistor Blocking Oscil- 
lators. J. G. Linvill and R. H. Mattson 
Proc. IRE, Nov., 1955, pp. 1,632-1,639 


analysis for a 
to obtain optimum 
prescribed rectangular pulse 


verified 
design 


Experimentally 
transformer 
rise time and 
width 

New Circuits for Recurrent Surge Os- 
cillography. D. D. Davis. Elec. Eng., 
Oct., 919-923. Design and 
operation of a transient analyzer featur- 
ing a 400-cycle surge generator for intense 
images, a vertical-bias system on the CR 
tube for unmetered bias in positioning, 
metered bias for displacement-type de- 
flection measuring, and astigmatic con- 
trol for measurement of small differences 
of large voltages 

Precision Digital 
William Perzley 
pp. 148-151 
calibrating 
target 


1955, pp 


Delay Generator. 
Electronics, Dec., 1955, 

Design to obtain pulses for 
radar apparatus and_ for 
simulation using a crystal oscil- 
lator and flip-flop frequency dividers, with 
circuit details 

Repetition-Rate Generator Has High 
Accuracy. Fred <A. Plemenos Elec- 
tronics, Nov., 1955, pp. 148-151. Phan- 
tastron design for the 5-5,000 pulses per 
sec. range, with compensating circuits to 
improve basically linear operation. 

Stability of Oscillation in Valve Genera- 
tors. IV. A.S.Gladwin. Wireless Engr., 
Nov., 297-304. Development 
of a comprehensive stability theory for 
four-terminal regenerative oscillators with 


1955, pp 


grid-leak bias applicable to circuits with 
fixed grid-bias and to two-terminal and 
asymmetrical types 
Radar 

Airborne Weather Radar. Lockheed 


Field Serv. Dig., Nov.-Dec., 1955, pp. 1-10. 
Appraisal of basic factors of theoretical 
principles, design, development, installa- 
tion, potentialities, and operational choice 
of the C-Band X-Band 
for such uses as terrain mapping 


The Display of Hail Echoes on 5.5 cm 


versus systems 


Weather Mapping Radar. Henry T 
Harrison. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 580 
12 pp. Members, $0.50; nonmembers, 
$0.85 


Semiconductors 


Capacitance Measurements on Alloyed 
Indium-Germanium Junction Diodes. D. 
R. Muss Appl. Phys., Dec., 1955, pp. 
1,514-1,517 


NEERING REVIEW—MARCH, 


1956 


On the Transient Behavior of Semi. 
conductor Rectifiers. B. R. Gossick. J 
Appl. Phys., Nov., 1955, pp. 1,356-1,365 
15 refs. 

Relative Influence of Majority ang 
Minority Carriers on Excess Noise in 
Semiconductor Filaments. Leon Bess 
J. Appl. Phys., Nov., 1955, pp. 1,377- 
1,381. USAF-Army-Navy-supported in. 
vestigation at MIT. 

Restoration of Resistivity and Lifetime 
in Heat Treated Germanium. R. 4 
Logan and M. Schwartz. J. Appl. Phys, 
Nov., 1955, pp. 1,287-1,289 

The Transistor as a Circuit Element, 
Francis Oakes. Proc. Inst. Electronics, 
First Quarter, 1955, pp. 6-21 Funda- 
mental concepts; design, operational, 
and fabricational characteristics; applica- 
tions. 

Transistor Equivalent Circuits. IV~— 
Conclusion. W. T. Cocking Wireless 
World, Oct., 1955, pp. 499-502. Develop. 
ment of an approximation method taking 
into account such factors as thermionic 
tube characteristics, static a.c. and dc. 
conditions, current voltage requirements, 
and feedback resistance; application of 
the d.c. equivalent circuit to the design 
of circuits for stabilizing 
point. 


the operating 


Transmission Lines 


Microwave High-Speed Continuous 
Phase Shifter. W. Sichak and D. J. 
Levine. Proc. IRE, Nov., 1955, pp. 


1,661-1,663. NAVORD-sponsored de- 
velopment of a rotary design using cir- 
cularly polarized helices in a_ circular 
waveguide. 


Wave Propagation 


Aerodynamical Mechanisms Producing 
Electronic Density Fluctuations in Tur 
bulent Ionized Layers. R. M. Gallet. 
Proc. IRE, Oct., 1955, pp. 1,240-1,252. 
27 refs. 

Demonstration of Bandwidth Capabili- 
ties of Beyond-Horizon Tropospheric 
Radio Propagation. W. H. Tidd. Proc, 
IRE, Oct., 1955, pp., 1,297-1,299. USAF- 
supported research. 

The Interaction of Pulsed Radio Waves 
in the Ionosphere. J. A. Fejer. J. 
Atmospheric & Terrestrial Phys., Dec. 
1955, pp. 322-332. 13 refs 

Investigations of Angular Scattering and 
Multipath Properties of Tropospheric 
Propagation of Short Radio Waves Be- 
yond the Horizon. J. H. Chisholm, P. A 
Portmann, J. T. deBettencourt, and J. F 
Roche. Proc. IRE, Oct., 1955, pp. 1,317- 
1,335. 21 refs. USAF-Army-Navy-sup- 
ported study. 

Investigations of Scattering and Multi- 
path Properties of Ionospheric Propaga- 
tion at Radio Frequencies Exceeding the 
MUF. W. G. Abel, J. T. deBettencourt, 
J. H. Chisholm, and J. F. Roche. Proc. 
IRE, Oct., 1955, pp. 1,255-1,268. 10 
refs. USAF-ONR-Army-supported re- 
search at MIT. 

Line-of-Sight Propagation Phenomena. 
I—Ray Treatment. II—Scattered Com- 
ponents. R. B. Muchmore and A. D. 
Wheelon. Proc. IRE, Oct., 1955, pp 
1,437-1,458. 19 refs. Results of investi- 
gation in the Guided Missile Res. Div. 
Ramo-Wooldridge Corp. 
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what helps an engineer grow? 


“Top-level associates” says Dr. J. A. Kyger, 
noted authority on nuclear engineering, 
formerly Chief Scientist for Nuclear 

Power Division, U.S. Navy Bureau of Ships, 
now Project Director of Avco Advanced 
Development Division. His answer reflects 
both the thinking and opportunity in 

this new Avco division devoted entirely to 
advanced research and development. 


“Freedom from routine, an atmosphere of inquiry, and technically sophisti- 
cated assignments are all important to an engineer’s growth. But possibly 
the most important factor of all is the mental stimulation provided by able 
associates. It’s important at all levels . . . it’s essential to a young engineer.” 


For outstanding engineers at all levels, Avco’s WANTED 

long-range expansion—in missiles and in all the Leaders in the exploitation of new areas of Science 

physical sciences— offers unprecedented opportu- Physical Scientists 

nity. Write: Dr. E. R. Piore, Vice-President in advanced degree preferred in—Physics - Aerodynamics 
charge of Research, Room 413, Aveo Advanced Electronics - Metallurgy - Physical Chemistry - Mathematics 


Development Division, Stratford, Conn., or Phone Engineers 
Bridgeport, Conn., DRexel 8-0431. Electronic - Mechanical - Aeronautical - Chemical 


avco 
Advanced Development Division 


avco defense and industrial products 


combine the scientific skills, and production facilities of 3 great divisions of Avco Manufacturing Corp.: Avco Advanced Devel- 
opment; Crosley; Lycoming— which currently produce power plants, electronics, air-frame components, and precision parts. 
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Measurements of the Phase of Radio 
Waves Received Over Transmission Paths 
with Electrical Lengths Varying as a Re- 
sult of Atmospheric Turbulence. J. W. 
Herbstreit and M. C. Thompson. Proc. 
IRE, Oct., 1955, pp. 1,391-1,401. 15 
refs. USAF-sponsored study. 

On The Scattering of Radio Waves by 
Turbulent Fluctuations of the Atmosphere. 
F. Villars and V. F. Weisskopf. Proc. 
IRE, Oct., 1955, pp. 1,232-1,239. 20 refs. 
USAF-Army-Navy-supported investiga- 
tion at MIT. 

Radio Transmission at VHF by Scat- 
tering and Other Processes in the Lower 
Ionosphere. D. Kk. Bailey, R. Bateman, 
and R. C. Kirby. Proc. IRE, Oct., 1955, 
pp. 1,181—1,230. 36 refs. 

Results of Propagation Tests at 505 
mc and 4,090 mc on Beyond-Horizon 
Paths. K. Bullington, W. J. Inkster, 
and A. L. Durkee. Proc. IRE, Oct., 
1955, pp. 1,306-1,316. USAF-sponsored 
investigation for communication poten- 
tialities. 

Space-Charge Waves in Crossed Elec- 
tric and Magnetic Fields. Salim S. Solo- 
mon. J. Appl. Phys., Dec., 1955, pp. 
1,443-1,449. 12 refs. USAF WADC- 
supported wave propagation study at the 
U. Calif. Electronics Res. Lab. 

Trans-Horizon Microwave Propagation 
Over Hilly Terrain. Yoshitaka Kurihara. 
Proc. IRE, Oct., 1955, pp. 1,362-1,368. 
USAF-supported investigation. 

The Use of Angular Distance in Esti- 
mating Transmission Loss and Fading 
Range for Propagation Through a Tur- 
bulent Atmosphere Over Irregular Ter- 


rain. K. A. Norton, P. L. Rice, and L. E. 
Vogler. Proc. JRE, Oct., 1955, pp. 1,488- 
1,526. 50 refs. Theoretical and experi- 


mental investigation at the NBS Central 
Radio Propagation Lab. 


Equipment 


Special Issue: Fluid Power Engineering 
Index, 1931-1955. Appl. Hydraulics, 
Jan., 1956. 226 pp. 3,131 refs. Coverage 
includes alphabetical arrangements of 
subject classifications of theoretical, prac- 
tical design, maintenance, and applica- 
tional aspects, including basic design data 
in fluid mechanics; electrical, hydraulic, 
and pneumatic controls; various types of 
aircraft equipment; flow-metering, servo- 
mechanical, and other types of instru- 
ments; and safety devices. 


Electric 


Design of Electric Systems in Jet 
Fighter Aircraft. G. W. Godfrey. Elec. 
Eng., Dec., 1955, pp. 1,050-1,052. Ap- 
praisal of problems and methods of solu- 
tions, with details of two typical cir- 
cuits. 

Emergency Electric Systems for Jet 
Aircraft. Merle Smallberg. Elec. Eng., 
Nov., 1955, pp. 1,004-1,006. Design of 
“pop-out” emergency ram-air turbine 
power packages for fighters, cargo-planes, 
and bombers. 

Harness Wiring Design. Jerry Blevins. 
Prod. Eng., Dec., 1955, pp. 135-139. 
Boeing techniques for using forming 
boards for electrical layouts; for insulat- 
ing and identifying wires, wire groups, 
group bundles, and cables; and for pro- 
tecting wiring and connected components. 


Flight Operating Problems 


Cruise Control & Piloting 


I—Optimalizing Cruise Control for 
Turbojet Aircraft. W. B. Bryant, Y. T. 
Li, and H. L. Pastan. II—Programmed 
Cruise Control for Turbojet Aircraft. 
Appendix I—Cruise Relations for Turbojet 
Aircraft Without Drag Rise Limitations. 
Appendix II—Cruise Relations for Turbo- 
jet Aircraft with Drag Rise Limitations. 


M. A. Hoffman, Y. T. Li, and A. J. 
Navoy IAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 603. 
27 pp. Members, $0.65; nonmembers 
$1.00. 


Weather & Climate 


All Weather Flight Concern of the Pilot 
and Weather Forecaster. James K. 
Thompson. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 383. 
7 pp $0.35; nonmembers, 
$0.75 

Implications of Convective Cloud Ob- 
servations with Regard to Flight Opera- 
tions with Airborne Radar. Louis J. 


Members, 


Battan. JAS 24th Annual Meeting, New 
York, Jan. 23-26, 1956, Preprint 582. 
14 pp. 29 refs. Members, $0.50; non- 


members, $0.85 
Integration of Weather Forecasting, 


Flight Planning, and Flight Watch. 
Thomas L. Burkett and Irving I. Grin- 
gorten. JAS 24th Annual Meeting, New 


York, Jan. 23-26, 1956, 
12 pp. Members, $0.50; 
$0.85 

Minimal Flight Paths from Forecasts of 
the Joint Numerical Weather Prediction 


Preprint 590. 
nonmembers, 


Unit. Frank Lewis. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 581 10 pp. Members, $0.35; 


nonmembers, $0.75. 


Flight Testing 


Explosion-Proofing Instrumentation 
Equipment for Flight-Test Use. B. F. 
Hager. Elec. Eng., Oct., 1955, pp. 873- 
877. Appraisal of problems in terms of the 
basic requirements of unusual environ- 
mental conditions, test techniques, and 
design of the equipment. 


Fuels & Lubricants 


Comparison of Six Lubrication Methods. 
Beno Sternlicht. Prod. Eng., Dec., 1955, 
pp. 183-188. Evaluation of the force- 
feed, oil-ring, wick, mist, oil-jet, and 
cross-feed techniques. 

Gear Lubrication. I—-Fundamentals 
and Problems. II—Selection of Lubri- 
cants. S. Kyropoulos. Mach. Des., Nov., 
Dec., 1955, pp. 156-161, 190-194. 19 refs. 
Analysis of types and mechanics of fluid 
and hydrodynamic lubrication, taking 
into account operating conditions of tem- 
peratures and speeds, physical properties 
of metals and alloys, and other design 
factors in terms of the applicable char- 
acteristics of straight oils and those with 
EP or solid additives. 

Some Problems in Lubrication and the 
Substances Called Additives. A. Towle. 
IME Proc., No. 2, 1954-55, pp. 57-66; 
Discussion, pp. 66-83. 
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Some Unusual Conditions Encountered 
in the Lubrication of Rolling Contact 
Bearings. T. W. Morrison. Lubrication 
Eng., Nov.-Dec., 1955, pp. 405-411. 


Gliders 


Jet Stream Project; A Preliminary 
Report on Its Soaring Aspects. I, II, 
III. Joachim P. Kuettner. Soaring, 
Sept.-Oct., Nov.-Dec., 1955, Jan.-Feb., 
1956, pp. 22-25, 2-6, 2-4. Details of the 
USAF project at UCLA with emphasis 
on the flights achieved, the general weather 
situation, the calibration mission of the 
B-29 and B-47, turbulence experience and 
atmospheric motions near the tropopause, 
observational results on airflow’ over 
mountains, and navigational problems in 
glider flight above 40,000 ft. 


Ice Formation & Prevention 


De-Icing Elements; Manufacture and 
Application of Electrothermal De-Icing 
Elements to Aircraft Components. Air- 
craft Prod:, Dec., 1955, pp. 506-510. 

Ice Detector for Lighter-Than-Air Craft. 
E. G. Thurston. Electronics, Dec., 1955, 
pp. 142-144. ONR-sponsored develop- 
ment of a piezoelectric Meacham-bridge 
oscillator system to determine ice ac- 
cretion on surface of blimps and for re- 
mote monitoring of ice formation on 
radomes. 

The Influence of Droplet Size on the 
Supercooling of Drops of Water and the 
Interpretation of the Ice Nucleus Spec- 
trum. Walter Rau. (Z. ftir Naturforsch- 
ung, Tiibingen, No. 8, 1953, pp. 197-204.) 
Gt. Brit. MOS CDEE P. Transl. 138, 
Aug. 2, 1955. 10 pp. 13 refs. Investi- 
gation using a series of water drops of 
different volumes cooled on highly polished 
chromium surfaces in a closed chamber. 


Instruments 


Automatic Control 


Analysis of Backlash in Control Sys- 
tems. L. M. Vallese. Elec. Eng., Dec., 
1955, p. 1,058. Abridged. Application 
of the Kryloff-Bogoliuboff method to at- 
tack nonlinearity problems. 

Analytical Method for Design of Relay 
Servos. J. E. Hart. Elec. Eng., Nov., 
1955, p. 1,009. Abridged. Development 
of a method based on expressions of dead- 
beat criteria with system parameters 
given in nondimensional form 

Improved On-Off Missile Stabilization. 
Robert W. Bass. JAS 24th Annual Meel- 
ing, New York, Jan. 23-26, 1956, Preprint 
589 (ARS Preprint 285-56) 11 pp. 
Members, $0.25; nonmembers, $0.50. 
ONR-supported development of a general 
theory for the synthesis of on-off servo- 
systems. 


Flow Measuring Devices 


Power Plant Flow Metering. L. A. 
Dodge. ISA J., Dec., 1955, pp. 545-547. 
Analysis of the relative merits of quantity 
and rate measuring designs applied to 
closed conduits or pipe lines 

Pulsating Flow Measurement by Vis- 
cous Meters, with Particular Reference 
to the Air Supply of Internal-Combustion 
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¢ Scale makers have borrowed a new kind of alloy used Steel Division of National-Standard gives it up to an 
seo for springs in the finest watches—metal far springier 85% reduction and maintains tolerances as close as .0001”’. 
Dec, than the finest steel. We call it Nilcor* . . . and produce 
Hae it in widths from 4” to 134”, 0025” to .025” thick. It is this kind of ability that enables Athenia to develop 
to at- , practical applications of unique Nilcor and also makes 
viel It’s so hard and tough that only the finest, most Athenia a foremost supplier of special high carbon strip 
elay 
| — advanced mill equipment and techniques can process it. _ steel. 
ypment Yet it is the most perfect material known for making the hi h — ee : 
deed: ae If you think you have a particular application requir- 
precision torsion bands used in laboratory scales...with 
umeters h ing Nilcor, or if you need strip steel with unusual 
é y demands for tolerance, flatness, edge forming, uniformity, 
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ot Despite the difficulty of working Nilcor, the Athenia to serve you. Write us. 
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general 
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’ NATIONAL-STANDARD COMPANY «+ NILES, MICHIGAN 
Tire Wire, Stainless, Fabricated Braids and Tape 
ATHENIA STEEL DIVISION «+ CLIFTON, N. J. 
L R A t Flat, High Carbon, Cold Rolled Spring Steel 
45 oe REYNOLDS WIRE DIVISION e¢ DIXON, ILLINOIS 
uantity Industrial Wire Cloth 
ee WAGNER LITHO MACHINERY DIVISION « JERSEY CITY, N. J. 
by Vis Special Machinery for Metal Decorating 
Mb WORCESTER WIRE WORKS DIVISION e WORCESTER, MASS. 
bustion Round and Shaped Steel Wire, Small Sizes 


150 AERONAUTICAL ENG 


Engines. Appendix I—Oscillations and 
Damping of Manometer Liquid. Appen- 
dix II—Maximum Allowable Acceleration. 
Appendix III—-Laminar Flow Through a 
Passage of Triangular Section. L. J. 
Kastner and T. J. Williams. JME Proc., 
No. 26, 1955, pp. 419-482; Discussion, 
pp. 433-437; Communications, pp. 437- 
440; Authors’ reply, pp. 441-444. 31 
refs. 

Ultrasonic Flowmeter. Jack kritz. 
(ISA Natl. Conf., Los Angeles, Sept. 12-16, 
1955, Preprint 55-16-3.) Instruments & 
Automation, Nov., 1955, pp. 1,912, 1,913. 
Abridged. Basic design and operational 
principles featuring stability and_ reli- 
ability without pressure drop and obstruc- 
tion to flow and without effect from tem- 
perature, pressure, and viscosity changes 
and from gas bubbles, solids in suspen- 
sion, or position in installation; applica- 
tions. 


Gyroscopes 


The Floating Integrating Gyro and Its 
Application to Geometrical Stabilization 
Problems on Moving Bases. Charles S. 
Draper, Walter Wrigley, and Lester R. 
Grohe. (JAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 503.) 
SMF Fund Paper FF-13, 1955. Revised. 
Members, $1.00; nonmembers, $1.50. 
Results of tests at MIT Instr. Lab. on 
methods to determine performance of 
dynamic, static, and drift characteristics 
in terms of the gyroscopic theory used to 
establish inertial space reference units of 
self-contained and servo-driven types. 


Pressure Measuring Devices 


Effects of Indicator Passages on the 
Accuracy of Indicator Diagrams. J. G. 
Withers. The Engr., Dec. 16, 1955, pp. 
860-863. Quantitative analysis in terms 
of compression ratio, indicated mean 
effective pressure, maximum pressure, 
resonance, maximum rate of pressure 
rise, detonation, and sudden changes in 
the contour as found in internal combus- 
tion engines of small cylinder size. 

Engine Pressure Indicators: Auxiliary 
Equipment for the Capacitor-Type Trans- 
ducer. A. F. Welch, E. F. Weller, E. A. 
Hanysz, and J. W. Bergstrom. JSA J. 
Dec., 1955, pp. 548-551. 

Pressure Recorder Uses Newton’s 
Rings. Joseph R. Greer. Elec. Mfg., 
Nov., 1955, pp. 139-144. Development 
of the Beckman & Whitley Model 216 
design to measure pressures between 0- 
50,000 psi. 


Temperature Measuring Devices 


Temperature Indicator for Aircraft 
Engines. Harold Koletsky. Electronics, 
Nov., 1955, pp. 129-131. Precision 


potentiometer-type design comparing the 
thermocouple output with accurate refer- 
ence voltage measurements. 

Temperature with a Twist; Special 
Vortex Tube Measures Free-Air Tempera- 
ture from an Airplane. Leo S. Packer. 
Res. Trends (Cornell Aero. Lab.), Fall, 
1955, pp. 1-4. 


Machine Elements 


How to Perform a Vibration Analysis. 
Harry Himelblau, Jr. Mach. Des., Dec., 


1955, pp. 167-177. Step-by-step method 
to select suitable isolators by determining 
basic dynamic characteristics of the 
machine in solving vibration problems 
caused by the steady-state application of 
alternating forces and torques. 


Bearings 


Design and Application of Powder- 
Metal Bearings. J. B. Mohler and Paul 
Failla. A/ach. Des., Dec., 1955, pp. 161 
165. Evaluation of such factors as 
lubrication and tolerance requirements, 
loading related to operational speeds, 
types of materials used, porosity, die 
design, shapes, and vibration. 

Simple Mass-Assembly Methods for 
Bearing Retention. Mose A. Disotell 
Mach. Des., Nov., 1955, pp. 163-166 
Relative merits of techniques of bolted 
assemblies, snap rings, staking, ring 
swaging, and bonding used at Boeing. 


Friction 


Sintered-Metal Friction Materials. 
Howard B. Huntress. Mach. Des., Nov., 
1955, pp. 187-192. Mechanical and heat- 
resistant properties and operating char- 
acteristics related to design problems of 
friction and its effects in particular appli- 
cations 


Gears & Cams 


Cam Design. Ray C. Johnson. Mach 
Des., Nov., 1955, pp. 195-204. Method 
based on the theory of finite differences 
to provide simple, flexible arithmetical 
techniques 

Gear Differentials. Il. G. W. Mi- 
chalec Vach. Des., Dec., 1955, pp. 200- 
207. Relative merits of practical designs 
related to the factors of functioning errors 
and testing; applications. 


Materials 


Corrosion & Protective Coatings 


Materials & Methods Manual No. 121: 
Corrosion: How It Affects Materials 
Selection and Design. Russel W. Henke. 
Materials & Methods, Nov., 1955, pp 
119-134. Evaluation of types and mech- 
anism of corrosion and means of reducing 
effects, with rating charts covering resist- 
ance factors 

Zinc Coatings for Protecting Steel. 
Ernest W. Horvick. Prod. Eng., Dec., 
1955, pp. 158-161. Types of metallic 
coatings; electrochemical advantages of 
zinc; characteristics of hot-dip and con- 
tinuous galvanizing, electroplated coat- 
ings, metallizing, and sherardizing meth- 
ods. 


Metals & Alloys 


A Dictionary of Metallurgy. XXXI-— 
Pe-Pi. XXXIX—Ro-Ru. A. D. Merri- 
man and J. S. Bowden. Metal Treatment, 
Mar., Dec., 1955, pp. 105-111, 532-538. 

Fiber Metals; A New Metal Form. 
A.G. MetcalfeandC.H.Sump. Materials 
& Methods, Nov., 1955, pp. 96-98 
Properties; design and fabricational fac- 
tors; applications 

The Formation of Cracks in Plastic 
Flow. II. A.N.Stroh. Proc. Royal Soc. 
(London), Ser. A, Nov. 22, 1955, pp. 548- 
560. 15 refs. Detailed analysis of the 
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mechanism in the generation of a crack 
through a piled up group of dislocations 

Hot-Work Tool Steels; Their Composi- 
tion, Heat-Treatment and Properties, 
E. Bishop. Metal Treatment, Dec., 1955, 
pp. 519-524. Survey of postwar German 
developments, with experimental data on 
softening processes during long-period 
holding at various temperatures within 
the tempering range. 

The Kirkendall Effect in Metals; Pos- 
sible Applications to Solve Porosity and 
Plating Problems. K. Sachs Metal 
Treatment, Mar., 1955, pp. 119-125. 25 
refs. Experimental and theoretical data 
on the diffusion of solid metals, its phe- 
nomenal formation, and the heating of the 
discontinuities in the lattice as applied 
to powder metallurgy and coating tech- 
niques. 

Low Temperature Embrittlement Me- 
chanics Deduced From Zinc Single Crystal 
Fracture Studies. P. H. Morton, R 
Treon, and W. M. Baldwin, Jr. J. 
Mech. & Phys. Solids, Apr., 1954, pp. 
177-196. 37 refs. 

Summarized Proceedings of a Confer- 
ence on the Structures and Textures of 
Metals—London, October, 1954. K. 
Robinson and E. G. Steward. Brit. J. 
Appl. Phys., Nov., 1955, pp. 377-384, 
82 refs. 

Surface Distributions of Dislocations 
in Metals. C. J. Ball and P. B. Hirsch. 
Philos. Mag., 7th Ser., Dec., 1955, pp. 
1,343-1,352. 17 refs. 


Metals & Alloys, Nonferrous 


Deformation of an Explosively Loaded 
Aluminum Single Crystal. John S. Rine- 
hart. J. Appl. Phys., Nov., 1955, pp. 
1,315-1,317. NOTS tests to relate the 
deformation and fracturing pattern to the 
stresses 

The Effect of Cold Work on the Stress 
Corrosion Resistance of Aluminium-Zine- 
Magnesium Alloys. Ryoji Watanabe and 
Mituru Sawada. J. Hokkaido Gakugei 
U., Sect. B, Sept., 1955, pp. 24-27. In 
Japanese. 

Effects of Temperature on the Plastic 
Properties of Aluminium Crystals. A. H. 
Cottrelland R. J. Stokes. Proc. Royal Soc. 
(London), Ser. A, Dec. 6, 1955, pp. 17-34. 
30 refs. 

Titanium. Douglas Serv., Nov.-Dee., 
1955, pp. 1-10. General appraisal of 
physical, mechanical, fabricational 
properties; relative merits in particular 
applications; potentialities; and main- 
tenance requirements of titanium parts. 


Nonmetallic Materials 


Aviation’s Debt to Plastics. E. A. 
Smith. Aeronautics, Dec., 1955, pp. 32- 
37. Survey of physical, mechanical, and 
fabricational properties; applications and 
potentialities. 

Fillers and Reinforcements. George 
Lubin. Prod. Eng., Dec., 1955, pp. 178- 
182. Types and functions of fibers and 
powders for reinforced plastics; influence 
on properties, surface finish, shrinkage; 
applications. 

Materials and Fabrication Techniques 
for Structural Heat Resistant Plastic 
Sandwiches. Norman E. Wahl. (CAI- 
IAS Internatl. Meeting, Ottawa, Nov. 3, 4 
1955, Preprint 571.) Aero. Eng. Rev, 
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crack Feb., 1956, pp. 34-36. (Also in Can. ee - 
ions Aero. J., Dec., 1955, pp. 201-204.) Re- TORQUE WRENCH 
nposi- view of developments at the Cornell 
erties, Aero. Lab. of nonmetallic high-strength, MAN UAL 
1955, heat-resistant materials, formations, and 
erman processes for a foamed-in-place core 
ita on material. 
period Materials & Methods Manual No. 
within 122: Industrial Textile Fibers. Theodore 
B. Merrill, Jr. Materials & Methods, 
Pos- Dec., 1955, pp. 119-134. Survey of 
'y and types, properties, relative merits, and 
“Metal applications in terms of stringent engi- 
D. 25 neering requirements. 
ANOTHER 
S phe- 
of the EASTERN ROTORCRAFT 
ipplied Calculation of the Complex Modulus of 
- tech- PRODUCT Linear Viscoelastic Materials from Vi- 
The Model MC-1 5000-Ib capac- brating Reed Measurements. D. R. 
it Me- ity Nylon Web Tie-Down for Bland and E. H. Lee. J. Appl. Phys., 
Crystal securing low-density shipments Dec., 1955, pp. 1,497—1,503. NAVORD- 
m, R supplements ERC’s other lines sponsored analytical tests on such mate- 
of Tyzem ® securing equipment: rials as a propellant-type plastics based 
+, PP on the general linear viscoelastic law, 
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yi evelopment and manufacture o i i 
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Dynamic Determination of the Com- | 
DOYLESTOWN, PENNA. pressibility of Metals. Roy W. Goran- 


son, Dennison Bancroft, Blendin L. Bur- Manufacturers of over 85% of the torque 
ton, Theodore Blechar, Edwin E. Hous- wrenches used in industry 
Loaded 
D5, pp 
“ = TRANSLATOR | To see this and other RADIA- 
TION, INC. equipment you are 
how to BINARY|BINARY 
Soe CODE a | cordially invited to visit Booth 10 
Gakuge | Palace 
27. In 


Scienific Data Reduction witha l- 


Pleaill coax | high speed digital computer | 


usually requires translation of 


yal Sot the data” to the language 
17-34. assem es | | of the computer. 
The Translator shown, will ac- 
risal of success | cept an 8-digit binary code and | Foe aN 
cational convert it to binary coded deci- | ~ ad 
irticular | mal for direct input to storage. | 
micRooorT, The unit is asynchronous and 
parts. pioneer | | will translate up to 24,000 code | 
"miniature circuitry, offers groups per second. It can be | 
complete assemblies in vas 
: : any quantity From a Selec- modified to read out 10 excess | 
E. A a tion of more than 300 3, 2421, or bi-quinary. 
pp. 32- cables and connectors, " 
cal, and yes The translator is self contained 
ions and —— B® solutions providing superior | and requires only that informa- | 
sconomically. tion be read in and out. Unitized | 
and describe the specialize 
178- dd | construction permits custom 
re a you tem | | translators for your special ap- I-— 
nfluence | Microdot line at the IRE Pp 
rinkage; Show, Armory Booth 679, | Personnel Inquiries Invited 
chniques 


“cal MICRODOT RADIATION Ine. 
1826 FREMONT ST. 


Jov. 3, 4, SO. PASADENA, CALIF. Electronics Avionics ¢ Instrumentation 
Lg Rev., 


"6 Pa /co. 
ADDISON [QUALITY/ ILLINOIS 


152 AERONAUTICAL ENGINEERING REVIEW 


ton, Elisabeth F. Gittings, and Stanley A. 
Landeen. J. Appl. Phys., Dec., 1955, 
pp. 1,472-1,479. Tests on 24 ST Dur- 
alumin specimens. 

High Precision Spectrophotometric 
Microanalysis with Application to Vana- 
dium-Aluminum Alloys. Max Q. Freeland 
and James S. Fritz. Anal. Chem., Nov., 
1955, pp. 1,737-1,741. 13 refs. 

The Investigation of Test-Pieces with 
Known Faults for Characterising the 
Working Conditions in Ultrasonic Testing 
(Untersuchungen an Priifkérpern mit 
bekannten Fehlern zur Kennzeichung der 
Arbeitsbedingungen bei der Uberschall- 
priifung). (Arch. fiir Eisenhiittenwesen, 
Germany, Mar.-Apr., 1954, pp. 159-164.) 
Gt. Brit., MOS TIB/T4487, Oct., 1955. 
10 pp. 

Magnetic Measurement of the Hard- 
ness of Metals. D. Hadfield. Metal 
Treatment, Mar., 1955, pp. 91-96. Basic 
factors and relative merits of practical 
testing methods and apparatus, with an- 
alytical formulas for magneto-mechanical 
relationships. 

On The Limits Set by Plastic Yielding 
to the Intensity of Singularities of Stress. 
R. Hill. J. Mech. & Phys. Solids, June, 
1954, pp. 278-285. 10 refs. Deforma- 
tion analysis applied to the testing of ma- 
terial properties. 

Small-Angle X-Ray Scattering from 
Precipitates in Cold-Worked Al-Ag and 
Al-Zn. J-P. Jan. J. Appl. Phys., Nov., 
1955, pp. 1,291-1,296. 26 refs. Ex- 
perimental results applied to the investi- 
gation of problems of plastic deformation 
of materials. 

Some Experiments into the Behaviour 
of Plain and Notched Steel Specimens 
Under Static and Fatigue Loadings. 
Appendix I—Physical and Metallurgical 
Properties of the Material. Appendix 
II—Neuber’s Equations. Appendix III— 
Fatigue-Testing Machines. J. W. Fit- 


chie. JAE Proc., No. 18, 1955, pp. 331 
344. 13 refs. 
Mathematics 
Asymptotic Solutions of Maxwell’s 


Equations Involving Fractional Powers of 
the Frequency. Morris Kline. Commun. 
on Pure & Appl. Math., Nov., 1955, pp. 


595-614. 10 refs. USAF-sponsored re- 
search. 
Contractants: A New Method for the 


Numerical Evaluation of Determinants. 
R. H. Maemillan. J. RAeS, Nov., 1955, 
pp. 772, 773. 

Local Behavior of Solutions of General 
Linear Elliptic Equations. Lipman Bers. 
Commun. on Pure & Appl. Math., Nov., 
1955, pp. 473-496. 20 refs. OOR-sup- 
ported study, with results applicable to 
such boundary value problems as found in 
the theoretical analysis of shells. 

Differential Forms on Riemannian 
Manifolds. K. O. Friedrichs. Commun. 
on Pure & Appl. Math., Nov., 1955, pp. 
551-590. 18 refs. ONR-supported re- 
search, with findings applicable to such 
problems as the analysis of harmonic fields 
and heat conduction concepts. 

Interior Estimates for Elliptic Systems 
of Partial Differential Equations. Avron 
Douglis and Louis Nirenberg. Commun. 
on Pure & Appl. Math., Nov., 1955, pp. 


503-538 14 

supported study 
On Cauchy’s Problem for Hyperbolic 

Equations and the Differentiability of 


refs. NSF- and ONR- 


Solutions of Elliptic Equations. Peter D 
Lax. Commun. on Pure & Appl. Math., 
Nov., 1955, pp. 615-638. 438 refs. ONR- 


supported study 

Remarks on Cauchy’s Problem for 
Hyperbolic Partial Differential Equations 
with Constant Coefficients in Several In- 
dependent Variables. R. Courant and A 
Lax. Commun. on Pure & Appl. Math., 
Nov., 1955, pp. 497-502. ONR-sup- 
ported research 

Remarks on Strongly Elliptic Partial 
Differential Equations. Louis Nirenberg 
Commun. on Pure & Appl. Math., Nov., 
1955, pp. 649-675. 27 refs. ONR-sup- 
ported research 

Stochastic Differential Equations. D 
A. Edwards and J. E. Moyal. Proc. 
Cambridge Philos Oct., 1955, pp. 
663-677. 18 refs. 

Uniformly Almost Periodic Solutions of 
Non-Linear Differential Equations of the 
Second Order. I—General Exposition. 
Chike Obi. Proc. Cambridge Philos. Soc., 
Oct., 1955, pp. 604-613. 

Bounds for the Integral of a Non-Nega- 
tive Function in Terms of Its Fourier 
Coefficients. M. S._ Longuet-Higgins. 
Proc. Cambridge Philos. Soc., Oct., 1955, 
pp. 590-603. 12 refs. 

A Class of Transformations of the Plane. 
G. A. Hedlund. Proc. Cambridge Philos. 
Soc., Oct., 1955, pp. 554-564. 

Hypergeometric Mellin Transforms. 
L. J. Slater. Proc. Cambridge Philos. 
Soc.. Oct., 1955, pp. 577-589. 

The Moments of the Number of Points 
of a Lattice in a Bounded Set. C. A. 
Rogers. Philos. Trans. Royal Soc. (Lon- 
don), Ser. A, Oct. 20, 1955, pp. 225-251 

Operators with a Closed Range. Ber- 
nard Friedman. Commun. on Pure & 
Appl. Math., Nov., 1955, pp. 539-550. 
USAF-supported research. 


Missiles 


Controlling Ballistic Missile Power- 
plants During Static Firing and Airborne 
Operations. Rudolf H. Reichel. Aero 
Dig., Dec., 1955, pp. 22-27. 10 refs. 

Growing a Reliable Missile. Richard 
R. Carhart Aero. Eng. Rev., Feb., 1956, 
pp. 28-33. Analysis of the basic concepts 
of component reliability, limitations in the 
component approach, and recommenda- 
tions on criteria and means to focus im- 
provement efforts at the subsystem level to 
relate more closely the requirements of 
component testing to those of system re- 
liability 

Soviet 
Zaehringer 


Missile Progress. Alfred J. 

Aero Dig., Dec., 1955, pp. 
48, 50, 51. Includes a graphical develop- 
mental appraisal covering research on 
liquid and solid propellants, air-breathing 
power plants, guidance, and control 


Photography 


Analytical Photogrammetry as Applied 
to Flight-Testing. Hellmut Schmid. 
Photogrammetric Eng., Dec., 1955, pp 
680-685. Data on experimental photo- 
graphic measuring methods used at the 
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“*Dec., 1955, pp. 765-772: 


1996 


Ballistic Res. Labs., Aberdeen Pr Ving 
Ground. 

Characteristics of a Flashtube for Ae. 
rial Night Reconnaissance. Benjamin F 
Logan, Jr., and Harold E. Edgerton 
Photographic Eng., No. 2, 1955, pp. 110- 
115. Development at MIT of the FT-174 
design. 

The Effect of Atmospheric Haze iy 
Aerial Photography Treated as a Problem 
in Tone Reproduction. J. L. Tupper and 
C. N. Nelson. Photographic Eng., No. 2, 
1955, pp. 116-126. 

Integrated Photo Reconnaissance Sys- 
tem for High Performance Aircraft, 
Irving W. Doyle. Photogrammetric Eng, 
Dec., 1955, pp. 757-761. 

The New Air Force Photoalidade. 
William D. Cannell. Photogrammetric 
Eng., Dec., 1955, pp. 664-668. Opera- 
tional characteristics of the Wilson design 
to determine ground elevations from ob. 
lique photography of the type used in 
the compilation of aeronautical charts. 

Photo System Installations in Aircraft. 
Ernest H. Pallme. Photogrammetric Eng., 
Fundamental 
design concept related to primary mission 
requirements. 

Photography from the Viking 11 Rocket. 
Leopold Winkler. Jet Propulsion, Dec., 
1955, pp. 689-695. Review of the NRL 
development and modifications of the air- 
borne research equipment, with methods 
to calculate the altitude for identification 
of pictures in terms of the correct pulse. 


Power Plants 


Jet & Turbine 


Armstrong Siddeley Sapphire; An 
Outstandingly Powerful and Efficient 
Single-Shaft Turbojet. Flight, Jan. 6, 
1956, pp. 17-22, cutaway drawing. De- 
sign, development, construction, and per- 
formance characteristics. 

Development of a Test Rig and 1000- 
Hour Test on Blades of Various Alloys to 
Determine the Fouling and Corrosive Ef- 
fects of the Ash from the Combustion ofa 
Western Canadian Residual Fuel. R. J. 
T. Bruce and J. C. Vrana. Canada, 
NRC Div. Mech. Eng. Rep. MT-28, Sept., 
1955. 38 pp. 

Fuel Systems for Gas Turbine Engines. 
O. N. Lawrence. J. RAeS, Nov., 1955, 
pp. 727-737. Analysis of the basic prob- 
lems of air intakes, control requirements, 
pump and burner design, reheat, servo- 
mechanisms, and weight estimates. 

The Rolls-Royce Avon Family; Avon 
Achievements and Performance: The 
8,000 Ib.s.t. Rolls-Royce Avon R.A. 21 
Turbojet; The Avon Family of Engines 
Are Now Developed to Over 10,000 Ib. 
Thrust. K. T. Fulton. The Aeroplane, 
Dec., 16, 1955, pp. 944-957, cutaway 
drawing. Design, construction, and per- 
formance characteristics. 

Rolls-Royce Avon; the World’s Most 
Widely-Manufactured Gas Turbine: A 
History of Its Development. Flight, Dec. 
16, 1955, pp. 900-906, 920. 


Reciprocating 


A Century in the History of the Recipro- 
cating Internal-Combustion Engine. L. 
J. Kastner. IME Proc., No. 15, 1956, pp. 
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303-312. A survey of developments, 
trends, and potential applications. 

The Effect of Excess Scavenge Air on 
the Pressure Drop in the Cylinder of a 
Two-Stroke Cycle Engine During Ex- 
haust Blowdown. R. S. Benson. J. 
RAeS, Nov., 1955, pp. 773-778. 


Rocket 


Demonstration of Reliability in Liquid 
Propellant Rocket Engines. A. G. 
Thatcher and H. A. Barton. JAS 24th 
Annual Meeting, New York, Jan. 23-26, 
1956, Preprint 588 (ARS Preprint 284- 
56). 11 pp. Members, $0.25; nonmem- 
bers, $0.50. 

Rocket Performance with Heat Added 
to Inlet Propellants by Regenerative and 
External Means. Banerian. Jet 
Propulsion, Dec., 1955, pp. 707-711. 


Production 


Accessory Manufacture; Some of the 
Methods in Use at the Works of Tedding- 
ton Aircraft Controls Ltd., for the Produc- 
tion of Intricate Precision Parts; Inspec- 
tion Equipment. Aircraft Prod., Jan., 
1956, pp. 30-37. 


Metalworking 


Flame Hardening—Modern Methods 
and Equipment. II. John E. Hyler. 
Steel Processing, Nov., 1955, pp. 725-730, 
733. 

Frozen-Mercury Patterns; Advantages 
of Low-Volumetric Change and Self- 
Welding Properties in Producing Pre- 
cision-Castings. Irvin D. Kramer. Air- 
craft Prod., Dec., 1955, pp. 494-497. 

How to Make Duplicate Patterns with 
Epoxy Resins. Steven P. Kish. Tool 
Engr., Jan., 1956, pp. 85-87. 

Close-Tolerance Forgings; Progress in 
the Improvement of Accuracy and the Re- 
duction of Machining. George W. 
Motherwell. Aircraft Prod., Dec., 1955, 
pp. 478-481. 

Fabricating Ultra-High Strength Steel. 
John Dietz and L. H. McCreery. Prod. 
Eng., Dec., 1955, pp. 170-173. Heat 
treatment, plating, machining, and cast- 
ing specifications for SAE 4340 steel to 
assure maximum strength and reliability; 
analysis includes design criteria to evalu- 
ate applicability and physical properties. 

Roll Formed Sheet Metal Parts. E. J. 
Vanderploeg. Materials & Methods, Nov., 
1955, pp. 100-102. Appraisal of cost, de- 
sign, and fabricational factors in particu- 
lar applications requiring close tolerances 
and good finishes. 

Deep-Hole Boring; Developments in 
Machine-Tool Design: Introduction of 
Machinability Index. H. J. Pearson. 
Aircraft Prod., Jan., 1956, pp. 2-7. 

Heavy-Duty Routing. IIl—Overhead- 
Template and Articulated-Arm Machines: 
Hydraulically-Operated Routing Ma- 
thine. L. G. Burnard. Aircraft Prod., 
Dec., 1955, pp. 498-504. 

Machining Thin Sections; Simul- 
taneous Double-Sided Copy-Turning of 
Gas-Turbine Compressor Rotors at the 
East Kilbride Works of Rolls-Royce 
. Aircraft Prod., Dec., 1955, pp. 472- 
76. 
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SIZE 8 (R1000 Series) 


.750 x 1.240 inches, weighs 1.75 oz. 
Available as transmitters, control 
transformers, resolver and differentials. 
Max. error from EZ 10 minutes. 


SIZE 11 STANDARD (R900 Series) 

1.062 x 1.766 inches, weighs 4 oz. 
Available as transmitters, control 
transformers, repeaters, resolvers 

and differentials for 26V and 115V 


applications. Max. error 
from EZ 10 minutes. 


SYNCHROS 


SIZE 11 SPECIAL (R500 Series) 


Same basic dimensions and applications 
as standard Size 11 Synchros. 
Conforming to Bu. Ord. 
configurations with max. error 

from EZ of 7 minutes. 


PRECISION RESOLVER (R587) 


Size 15. With compensating network 
and booster amplifier, provides 1:1 
transformation ratio, 0° phase shift, 

5 minute max. error from EZ. 
Tangent generator explanation. 
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YNCHRO § 


lig 
TRANSMITTER 


KEARFOTT 


AGAL 


“PANCAKE” SYNCHROS 


2.478 x 1.078 inches, weighs 11 oz. 
Available as transmitters, control 
transformers, resolvers, differentials 
and linear induction potentiometers. 
Max. error from EZ 2% minutes. 
Suitable for gimbal mounting. 


All these Kearfott Synchros are 
constructed of corrosion resistant 
materials, thus enabling them to be 
operated under adverse 
environmental conditions. 


A SUBSIDIARY OF GENERAL 
PRECISION EQUIPMENT CORPORATION 


ALL PHOTOS 3/4 SIZE 


KEARFOTT COMPONENTS INCLUDE: 


Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational Systems, and 
other high accuracy mechanical, electrical and 
electronic components. 

Send for bulletin giving data of Counters and other’ 
components of interest to you. 


KEARFOTT COMPANY, INC., Little Falls, N. J. 


Sales and Engineering Offices: 

1378 Main Avenue, Clifton, N. J. 
Midwest Office: 

188 W. Randolph Street, Chicago, Ill. 
South Central Office: 

6115 Denton Drive, Dallas, Texas 

West Coast Office: 

253 N. Vinedo Avenue, Pasadena, Calif. 
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PNEUMATIC CONTROLS FOR 


Seal Reeculator 


1. Canopy 


Pylon Tank Regulator 


83. General Purpose Regulator 


JE 


Dist: 
Kan: 


| 
Be 
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Take air, bled off a jet compressor at extreme 
conditions of 260 psi and 740°F, reduce to 
required pressures and deliver it to a canopy 
seal, a fuel tank, a pneumatic mechanism 
Or an anti-icing system... 


Solutions to assignments like these call for 
air pressure controls built with the finest of 
engineering skills. Janitrol has developed just 
such skills backed by extensive production 
facilities in becoming a recognized leader in 

JET Ae RCRAFT “harnessing” aircraft combustion and asso- 
ciated equipment. During 50 years of experi- 
ence in combustion engineering, Janitrol has 
charted many new regions in related engi- 
neering fields including air pressure controls 
for aircraft. 


Here are five, for example, which Janitrol 
has developed for individual manufacturers 
of military aircraft: 


1—A canopy seal regulator which is mechan- 
ically actuated by canopy movement. An 
auxiliary port is also provided for other uses. 


2—Pylon tank regulator with relief valve— 
maintains constant pressures for fuel transfer. 


3—General purpose regulator for canopy seal 
or is applicable to other uses. Operates with 
separate solenoid valve for shut-off. 


4—Canopy seal regulator with built-in sole- 
noid and relief valve. 


—High pressure regulator used in connec- 
tion with thermal anti-icing systems where 
high air flows are required. 


We invite you to consult your nearest Janitrol 
district engineering representative concerning 
your air control problems. 


is) 
~ 
& 
~~ 
=) 
1S) 


5. High Pressure Regulator 


50 years experience in combustion engineering 


fjanitrol 


AIRCRAFT-AUTOMOTIVE DIVISION 


SURFACE COMBUSTION CORPORATION 
Columbus 16, Ohio 


District Engineering Offices: New York, 225 Broadway; Washington, D. C., 4650 East-West Highway; Philadelphia, Penna., 401 No. Broad St.; 
Kansas City, Mo., 2201 Grand Ave.; Fort Worth, 2509 Berry St.; Hollywood, Calif., 7046 Hollywood Bivd.; Columbus, Ohio, 400 Dublin Ave. 
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Multispindle Profiling; Machining 
Operations on Integral-Blade Rotors for 
the Blackburn-Turbomeca Range of Gas- 


Turbines. Aircraft Prod., Dec., 1955, 
pp. 482-491 

Nonmetalworking 

Heat Bonding of ‘‘Teflion’’ Tetra- 


fluoroethylene Resin. 
W. M. Bruner. 
28 -30, 42. 


P. J. Wayne and 
SPE J., Dec., 1955, pp. 


Production Engineering 


Developments in Automatic Quality 
Control. George H. Amber and Paul S. 
Amber. Tool Engr., Jan., 1956, pp. 107- 
112. 


Xeroradiography; Electrostatic Method 


of Developing and Recording X-Ray 
Images. Peter J. Farmer. Aircraft 
Prod., Jan., 1956, pp. 8-12. Relative 


merits and potentialities of the inspection 
technique. 


Tooling 


Control in Two Dimensions; Special- 
Purpose Milling-Machine Fitted with 
Automatic-Control System. Aircraft 
Prod., Jan., 1956, pp. 13-17. 

How to Apply Carbide Tooling to Auto- 
matics. E. J. Weller. Tool Engr., Dec., 
1955, pp. 103-110. 


Welding 


Crack Arresting by Overlays of Notch- 
Tough Weld Metal. P. P. Puzak and W. 
S. Pellini. Welding J. Res. Suppl., Dec., 
1955, pp. 577-s-581-s. 

Electrode Activation for Inert-Gas- 
Shielded Metal-Arc Welding. A. Lesne- 
wich. Welding J., Dec., 1955, pp. 1,167-— 
1,178. 17 refs. 

Measurement of Shunting Currents in 
Series Spot Welding 0.036-in. Steel. 
E. F. Nippes, W. F. Savage, and §S. M. 
Robelotto. Welding J. Res. Suppl., Dec., 
1955, pp. 618-s-624-s. 

Spotwelding in the Handley Page 
Herald; Manufacturing Techniques De- 
veloped for Attaching Components of 
Primary Structure. Aircraft Prod., Jan., 
1956, pp. 18-27. 


Reference Works 


The Engineer Centenary Number; A 
Study of Influences on Engineering Ad- 
vancement 1856-1945. The Engr., Jan. 
4, 1956. 452 pp. Partial contents; Iron 
and Steel, W. F. Cartwright. Non-Fer- 


rous Metals, Maurice Cook. Plastics, 
R. H. Dibb. Oil and Engineering, A. C. 
Hartley. Electronics, H. A. Thomas. 


Aeronautics, H. G. Conway. 

Solid-State Electronics Issue. Proc. 
IRE, Dec., 1955. 270 pp. 1,321 refs. 
Includes detailed bibliographies on di- 
electrics, semiconductors, ferrites, design 
techniques, and components. 

Special Issue: Fluid Power Engineer- 
ing Index, 1931-1955. Appl. Hydraulics, 
Jan., 1956. 226 pp. 3,131 refs. Cover- 
age includes alphabetical arrangements of 
subject classifications of theoretical, prac- 
tical design, maintenance, and applica- 
tional aspects, including basic design data 
in fluid mechanics; electrical, hydraulic, 
and pneumatic controls; various types of 
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aircraft equipment; flow-metering, servo- 
mechanical, and other types of instru- 
ments; and safety devices 


Special Issue: 1955-56 Buyers’ Guide. 


Av. Week, Mid-Dec., 1955. 578 pp 
Includes: procurement data for military 
and civil users of aircraft and missile 
components, electronic and = auxiliary 
equipment, and specialized services; in- 
dexes of advertisers, manufacturers, and 
distributors; and detailed product list- 
ings in alphabetical arrangements. 


Refueling in Flight 


Twenty-One Years of Flight Refueling. 
Flight, Dec. 23, 1955, pp. 943-946, 954. 
Development of the probe-and-drogue and 
other systems in terms of Flight Refueling, 
Ltd. experience 


Rotating Wing Aircraft 


The Helicopter—Has It a Future? F. 
H. Robertson. J. RAeS, Nov., 1955, pp. 
762-771. Developmental appraisal of de- 
sign problems, trends, and actual and po- 
tential utilization in terms of requirements 
of simplicity, long life or integrity, safety, 
and initial first cost and economic opera- 
tion 

Special Issue: 
Progress. 


Survey of Helicopter 
The Aeroplane, Dec. 9, 1955. 
119 pp. Partial contents: Impressions of 
American Helicopters, J. A. Cameron. 
Helicopter Operating Sites. Moving in 
High Circles, I. A. F. Donnelly. The 
Helicopter Noise Problem, S. W. Green- 
wood. A Decade of Helicopter Designs. 
Design and Flight Test Development of 
McCulloch VS-57 Supercharger Installa- 
tion on Hiller Model UH-12B Helicopter. 
R. D. Collins, R. W. Cowgill, and R. H. 


David. JAS 24th Annual Meeting, New 
York, Jan. 23-26, 1956, Preprint 599. 
11 pp. Members, $0.35; nonmembers, 
$0.75 


Hunting Percival P. 74; Research Test 
Vehicle Approaches the Flight Stage: a 
New Helicopter Philosophy. Flight, Dec. 
23, 1955, pp. 938-942, cutaway drawing. 
Design, developmental, structural, and 
performance characteristics. 

The Effect of Blade Root Properties on 
the Natural Mode Shapes, Bending Mo- 
ments, and Shears of a Model Helicopter 
Rotor Blade. H. Daughaday and F. 
DuWaldt. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 595. 
15 pp. Members, $0.50; 
$0.85 


Response Matrix Method of Rotor Blade 


nonmembers, 


Analysis. Alex Berman. (JAS 23rd An- 
nual Meeting, New York, Jan. 24-27, 


1955, Preprint 506) J. Aero. Sci., Feb., 
1956, pp. 155-161, 172. Formulation of 
a technique to calculate the bending 
moment, curvature, slope, deflection, ro- 
tating modes, and natural frequencies of 
the blade response for any loading and 
harmonic without repeating solutions of 
the differential equation. 

Method for Studying Helicopter Longi- 
tudinal Maneuver Stability. Kenneth B. 


Amer U. S., NACA TN 3022, 1953.) 
U.S., NACA Rep. 1200, 1954. 17 pp. 
12 refs. Supt. of Doc., Wash. $0.20. 


Studies of the Lateral-Directional Flying 
Qualities of a Tandem Helicopter in For- 
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ward Flight. Kenneth B. Amer and Ry 


bert J. Tapscott. (U.S., NACA TN 
2984, 1953.) U.S., NACA Rep. 1207, 
1954. 15 pp. Supt. of Doc., Wash. 
$0.20. 


Safety 


Air Safety; A Report on the Seventh 
Annual Air Safety Seminar, Held in 
Taxco, Mexico, November 17-20, 1955, 
Otto E. Kirchner. Eng. Rez. 
Feb., 1956, pp. 48-53. 

Air Safety Engineering. George M. 
Russel. Aero. Eng. Rev., Feb., 1956, pp. 
54-56. Description of the Northrop 
organization, its philosophical approach to 
safety, and procedural techniques in ac- 
cident investigations. 

Aircraft Accident Investigation. R. C. 
Davis. (CAI-IAS Internatl. Meeting, Ot- 
tawa, Nov. 3, 4, 1955, Preprint 575.) 
Aero. Eng. Rev., Feb., 1956, pp. 37, 38, 
47. Design precepts based on procedures 
for adequate maintenance and operating 
practices consistent with average human 
effort, ability, and attitude; protective 
measures against human error; reliability 
parameters; and fail-safe concepts 

Crash-Fire Research with Jet Air- 
craft. I. Irving Pinkel. (CAJ-IAS In- 
ternatl. Meeting, Ottawa, Nov. 3, 4, 1955, 
Preprint 570.) Can. Aero. J., Dec., 1955, 
pp. 223-226. 


Aero 


Space Travel 


Problems of Space Debris with tk- 
Satellite Station. Wayne Proell. 
Space Flight, Dec., 1955, pp. 1-4. 


Project Vanguard—The IGY Earth 
Satellite. F. R. Furth. JAS 24th An- 
nual Meeting, New York, Jan. 23-26, 
1956, Preprint 609. 5 pp. Members, 


$0.35; nonmembers, $0.75. Analytical 
survey of problems, trends, and practical 
progress in the techniques of very high 
altitude research. 

The Satellite Vehicle for Communica- 
tions and Navigation. Howard R. Can- 
ney, Jr., and Frederick I. Ordway, III. 
Aero Dig., Dec., 1955, pp. 40, 42, 44, 46. 
Appraisal in terms of basic characteristics 
of satellites, orbits, radio frequency re- 
quirements, and noise conditions. 


Structures 


Beams & Columns 


Analyzing Column Stability Under 
Varying End-Load Conditions. G. Oakes. 
Mach. Des., Nov., 1955, pp. 205-208. 

Yield Criteria and the Bending of Wide 
Beams. D. A. Barlow. J. Mech. & 
Phys. Solids, June, 1954, pp. 259-264. 


Connections 


The Plastic Yielding of Metal Junctions 
Due to Combined Shear and Pressure. 
A. P. Green. J. Mech. & Phys. Solids, 
Apr., 1954, pp. 197-211. 


Cylinders & Shells 


An Experimental Investigation of Resid- 
ual Stresses in Hollow Cylinders Due to 
the Creep Produced by Thermal Stresses. 
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‘1 TN Appendix I-The Evaluation of the 
. 1207, Tangential Residual Stress Distribution 
\Vash, py the Slitting and Boring Method. Ap- 
pendix II—Modification of the Theory of 
Appendix I to Suit the Case When Strain 
Gauges Are Mounted on the Outside 
Diameter. Y. G. Attia, D. Fitzgeorge, 
Seventh | and J A. Pc ype. J. Mech. & Phys. Solids, 
in | June, 1954, pp. 238-258. 
), 1955, Krytyczne Obciazenie Przy Skrecaniu 
Cylindrycznej Powtoki Ortotropowej o 
Skénczonej Dtugosci (Critical Load of a 
rge | Cylindrical Orthotropic Shell of Finite 
| Length, Subjected to Torsion). Zdzistaw 
Parszewski. Arch. Mech. Stosowanej 
Warsaw), No. 3, 1955, pp. 375-403. In 
Polish, with summaries in English and 
Russian 
| O Nieciagtych Rozwiqzaniach Réwnan 
tine, Op. | Statyki Budowli Metodq Transformacji 
375.) | Laplace’a na Przyktadzie Belki o Sztyw- 
37, 38 nosci Odcinkami Zmiennej (Discon- 
cedures | tinuous Solutions of the Equations of 
perating Structural Statics Obtained by Means of 
human | the Laplace Transformation and Illus- 
‘otective | tated by the Example of a Beam of Sec- 
liability | tionally Constant Rigidity). Tadeusz 
Pwinski. Arch. Mech. Stosowanej (War- 
et Air- | @W), No. 3, 1955, pp. 404-418. In 
[AS In. | Polish, with summaries in English and 
4, 1955, | Russian. 
c., 1955, | Sprezysto - Plastyczny GruboSscienny 
| Walec Niejednorodny pod Dziataniem 


2) 
Ren 


956, pp 
-orthrop 
roach to 
S in ac- 


Parcia. Wewnetrznego i Sity Podtuinej Dr. Lloyd H. Wilson, thermodynamics group head, 
A Heterogeneous Thick-Walled Elastic- Robert S. Swanson, manager of the aerodynamics department, 
‘astic Cylinder Subjected to Internal and Howard Jackson, aeronautical engineer, determine 
ressure and Longitudinal Force). W heat transfer coefficients from high-speed missile flight records 

vith th- szak and W. Urbanowski. Arch. Mech 

call tasowanej] (Warsaw), No. 3, 1955, pp. 


MISSILE SYSTEMS 


215-336. 18 refs. In Polish, with sum- 
Earth maries in English and Russian. 
The Strength of Short Cylinders Under THERMODYNAMICS 
23-96 Internal Pressure. D. G. Christopherson 
embers, ind G. R. Higginson. J. Mech. & Phys. = 
embers, | June, 1088, pp. 217-237, ANALYSIS 
practical | Tables and Curves for Deformations 
and Stresses in Circular Cylindrical Shells 
| Under Localized Loadings. Joseph 
umunica- | Kempner, James Sheng, and Frederick V. 


ery high 


R. Can- | Pohle. Polytech. Inst. Bklyn. Dept. Aero. The Aerodynamics Department of Lockheed Missile Systems 
vay, IIL. | 4 rile, * ag eg Rep. 334, Division is engaged in a comprehensive research and development 
_— = ” program which combines experimental work and theoretical 
aa ae Elasticity & Plasticity analysis in the field of aerothermodynamics. These investigations 
O Pewnym Rodzaju Niejednorodnosci consider extreme environmental conditions for all types of missile 
Osrodkéw Ciagtych (On a Type of Hetero- systems and components. 
geneity of Elastic Bodies). Jerzy Lit- A typical problem now under study is concerned with the evalua- 
winiszyn. Arch. Mech. Stosowanej (War- di ful “ f 
saw), No. 3, 1955, pp. 301-314. In Po- tion and interpretation (inc uding a careful “error” ana ysis) o 
lish, with summaries in English and thermal flight test data as it relates to the heat transfer from the 
Under | Russian high-speed boundary layer through the structure of an integral 
s. Oakes. | Some Results of Studies on the Rigidity fuel tank to a cryogenic fluid. Other research studies relate to the 
208. On The De- analytic and experimental determination of the supersonic and 
of Wide } ‘tease of Flexural Rigidity of [a] Beam Due ‘ P 
Mech. & | ‘Elastic Clamping. Shin’ichi Suzuki. J. hypersonic characteristics of bodies to provide basic understand- 
264. Japan Soc. Aero. Eng., July, 1955, pp. ing of the aerodynamic and thermodynamic flow and design infor- 
Sepp a m mation. Important work in the field of thermal stress is in progress. 
Stress Distribution, Instability, and j 
Free Vibration of Beam Grid-Works on Those possessing a high order of ability in this field of work are 
Junctions Elastic Foundations. Hugh L. Cox and | invited to write. 


Pressure. — Paul H. Denke. J. Aero. Sci., Feb., 


s. Solids, 1956, pp. 173-176. Sebbeed 


Plates MISSILE SYSTEMS DIVISION 
enaiad Dzialanie Pary Sit na Obwodzie Ot- | research and engineering staff 
Kolowego Tarczy Nieograniczone} LOCKHEED AIRCRAFT CORPORATION * VAN NUYS, CALIF. 


(A Couple Acting on the Periphery of a 
Stresses. | Circular Hole in an Infinite Plate). 
Franciszek Szelagowski. Arch. Mech. 
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Stosowanej (Warsaw), No. 3, 1955, pp. 
337-344. In Polish, with summaries in 
English and Russian. 

On the Yield-Point Loading of a Square 
Plate with Concentric Circular Hole. 
F. A. Gaydon. J. Mech. & Phys. Solids, 
Apr., 1954, pp. 170-176. 

A Simple Approximation for Plate De- 
flection Problems. R. K. Kaul and V. 
Cadambe. J. RAeS, Nov., 1955, pp. 
778-780. 

The Stress Analysis of Flat Stiffened 
Panels with Cut Outs. B. C. Hoskin. 
Australia, ARL S@M Monogr. 3, Feb., 
1955. 134 pp. 109 refs. Theoretical 
bases and relative merits of the stringer- 
sheet, finite-stringer, PIBAL, substitute- 
stringer, and strain-energy methods. 

A Theoretical Investigation of the Yield 
Point Loading of a Square Plate with a 
Central Circular Hole. F. A. Gaydon and 
A. W. McCrum. J. Mech. & Phys. 
Solids, Apr., 1954, pp. 156-169. 


Testing 


Analysis of the Premature Structural 
Failures in Static Tested Aircraft. Leon 
S. Jablecki. ETH Inst. fiir Flugzeugstatik 
& Flugzeugbau, Mitteil., No. 3, 1955. 100 
pp. Includes detailed test results for 
wings, fuselage designs, horizontal and 
vertical stabilizers, landing gears, and 
other components, with a discussion on 
distribution of loads in long riveted joints. 

Effect of Yielding on the Fatigue Proper- 
ties of Test Pieces Containing Stress 
Concentrations. K.Gunn. Aero. Quart., 
Nov., 1955, pp. 277-294. Development of 
an estimating method taking into ac- 
count the local yielding occurring near the 
base of the notch when the nominal 
stresses are sufficiently high. 

Fatigue of Aircraft. P. L. Teed. (U 
of Nottingham Lecture, Sept. 16, 19535.) 
Shell Av. News, Oct., 1955, pp. 14-21. 
Abridged. Developmental survey of de- 
sign and other problems, including built- 
in stresses and those imposed during take- 
off and landing, on the ground, and in 
flight, with an evaluation of structural 
materials. 

The Instability of Testing Machines. 
Appendix I—An_ Eccentrically-Loaded 
Compression Test-Specimen. Appendix 
II—A Stability Equation for Both Tension 
and Compression Machines. A. H. Chil- 
ver. IME Proc., No. 25, 1955, pp. 407- 
414; Communications, pp. 414-418. 

Some Results of Studies on the Rigidity 
of Structural Members; On the Decrease 
of Effective Young’s Modulus of Elastic 
Body with a Contact Surface. Shin’ichi 
Suzuki. J. Japan Soc. Aero. Eng., Sept., 
1955, pp. 213-215. In Japanese. 


Thermal Stress 


Approximate Procedures for Transient 
Thermal Stresses in Missile Structures. 
B. E. Gatewood. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 578. 15 pp. 17 refs. Mem- 
bers, $0.50; nonmembers, $0.85. USAF 
Inst. of Tech. analysis, in terms of material 
geometry, and time parameters, providing, 
nondimensional form results of an ap- 
proximation solution for four-dimensional 
temperature and thermal stress problems. 

Cieplne Stany Naprezenia w Grubo- 
Sciennym Naczyniu Kulistym, Ktérego 


Ad 


NEERING REVIEW 


Materiat Przejawia Tzw. Izothropie Popr- 
zeczna (Thermal Stresses in a Thick- 
Walled Spherical Vessel of Transversally 
Isotropic Material). Jerzy Nowinski 
Arch. Mech. Stosowanej (Warsaw), No. 3, 
1955, pp. 363-374. In Polish, with sum- 
maries in English and Russian. 

Experiment and Theory in the Investiga- 
tion of the Behavior of Structures at High 
Temperatures. N. J. Hoff. (CAJ-IAS 
Internatl. Meeting, Ottawa, Nov. 3, 4, 1955, 
Preprint 472.) Aero. Eng. Rev., Feb., 1956, 
pp. 39-47. USAF-NACA-ONR-sponsored 
study at the Bklyn. Polytech. Inst. of ther- 
mal buckling and stresses and the effect 
of creep on the stress distribution. 

Extremum Principles of the Thermal 
Elasto-Plastic Stresses. Toshio Mura. 
J. Japan Soc. Aero. Eng., Sept., 1955, pp. 
215-220. In Japanese. Conceptual de- 
velopment of principles to determine 
practical design criteria for the analysis of 
temperature-dependent structural prob- 
lems 

Influence of Aerodynamic Heating on 
the Effective Torsional Stiffness of Thin 
Wings. Appendix A. Appendix B 
Free-End Effect on Thermal Stress and 
Torsional Stiffness. Bernard Budiansky 


and J. Mayers IAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 579. 27 pp. Members, $0.65; 


nonmembers, $1.00. Theoretical results 
for solid wings of symmetrical double- 
wedge cross section accelerated to super- 
taking into account the ef- 
parameters as Mach Num- 
ber, instantaneous and finite acceleration, 
and thickness ratio. 

Investigation of the Temperature Dis- 
tribution and Thermal Stresses in a Hy- 
personic Wing Structure. Martin A 
Goldberg IAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 
577. 19 pp. 15 refs. Members, $0.50; 
nonmembers, $0.85. 

Thermal Stresses and Deformations in 
Beams. Samuel Levy. JAS 24th An- 
nual Meeting, New York, Jan. 23-26, 
1956, Preprint 576. 19 pp. Members, 
$0.50; nonmembers, $0.85. Derivation 
of general formulas for computing the 
thermal stresses and curvature in a long 
beam when the rise in temperature at any 
location in the beam cross-section is given 
and when the coefficient of expansion and 
Young's modulus are known functions of 
temperature 


sonic speeds, 


fects of such 


Weight Analysis & Control 


Strength-Weight Ratio under Different 
Loadings. Marx Moller. Aero Dig., 
Dec., 1955, pp. 31, 32, 37, 38. Extension 
of the tensile-strength-to-unit-weight con- 
cept to include compression and material 
cost for structural analyses. 


Wings 


Transient Stresses in Airfoils Sub- 
jected to Blast Loading. F. J. Marshall 
and H. F. Ludloff. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 604. 23 pp. Members, $0.65; 
nonmembers, $1.00. Development of an 
exact solution applying the Laplace trans- 
formation of an initial-boundary value 
problem for the Timoshenko equations 
such that the point of discontinuity of the 
loading is allowed an arbitrary magnitude 


MARCH, 1956 


to exceed the propagation velocity of the 
elastic waves in the Timoshenko beam 


Thermodynamics 


The Normal Shock Properties for Air in 
Dissociation Equilibrium. Mary 
Romig. J. Aero. Sci., Feb., 1956, pp 
185, 186 


Combustion 


The Decomposition, Oxidation, Ignition, 
and Detonation of Fuel Vapors and Gases, 
XXVIII—The Thermal Decomposition of 
n-Pentane as Affected by the Flow Con- 
figuration in King Reactor No. 10. H 
Shanfield and R. O. King. Can. J 
Tech., Jan., 1956, pp. 10-20 

The Solution of the Equations for a 
Steady-State, Low Velocity Flame by 
Means of Relaxation Methods. Thomas 
F. Schatzki. U. Wis. NRL Dept. Chem 
Rep. CM 853, Sept. 14, 1955. 136 pp 
14 refs. 


Vertical Take-Off Aircraft 


Examination of Some of the Problems 
Involved in the Design of Propeller-Driven 
Vertical-Take-Off Transport Airplanes. 
M. O. McKinney, R. E. Kuhn, and J. B 


Hammack. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 
597. 19 pp. 12 refs. Members, $0.50; 


nonmembers, $0.85. 


Water-Borne Aircraft 


Structural Behavior of Seaplane Hull 
Bottom Plating. Appendix A—Analysis of 
Hull Bottom Plating by the Moment-Area 
Method. Appendix B—Comparison of 
ASTM Coupon Test with Specimen of 
75S-T6 Tension Fiber Stresses Obtained 
from Strains Measured at the Middle of 
the Plate Span. J. W. Cox. JAS 24th 
Annual Meeting, New York, Jan. 23-26, 
1956, Preprint 586. 21 pp. Members, 
$0.65; nonmembers, $1.00. Results of 
the Martin investigation covering the 
strain distribution and fatigue life under 
cyclic pressure loading. 


Wind Tunnels & Research 
Facilities 


Free-Flight High-Speed Research. I, 
II. (RAeS Paper, Dec. 1, 1955.) Flight, 
Dec. 9, 16, 1955, pp. 858, 859, 909-911. 
(Also in The Aeroplane, Dec. 9, 1958, pp. 
887-889.) Abridged. Survey of prob- 
lems and techniques in the use of freely 
flying models covering experimental meas- 
urements for such basic factors as trajec- 
tory, velocity, and position in roll and the 
parameters of damping, hinge moment, 
lift and drag, and stability as affecting 
bodies of revolution theoretically designed 
for minimum sonic wave drag at fixed 
values of length, base area, and volume, 
untapered 50° swept plan form and bi- 
convex wing sections, and a configuration 
for a body shape such that the wave drag 
of the body alone is minimum at sonic 
speeds. 

Note on a Null Method for the Direct 
Measurement of Pressure Coefficients. 

(Continued on page 173) 
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Aeronautical Reviews 


AIRPLANES 
Aircraft Today. John W. R. Taylor, Ed. New 
York, Philosophical Library, 1955. 96 pp., illus., 


diagrs. $4.75. First edition of an annual collec- 
tion of articles surveying various aspects of avia- 
tion 

Aircraft Badges & Markings. Harold B. 
Pereira. London, Adlard Coles, Ltd.; New York, 
John de Graff, Inc., 1955. 48 pp., illus. $1.50 
Pocket-size volume containing in full color the 
national markings, fin flashes, and air-line badges 
adopted throughout the world. Includes ‘Regis- 
tration Code Letters’ of each country. 


ELECTRONICS 
Transistors and Other Crystal Valves. T. R. 
Scott. London, Macdonald & Evans, Ltd.; 
New York, Essential Books, Inc., 1955. 258 pp., 
illus, diagrs. $7.20. 


This is an attempt at a comprehensive conden- 
sation of the profusion of material on crystal 
valves. Written by the Managing Director of 
Standard Telecommunication Laboratories, Ltd., 
it gives engineers who may have to use transistors 
aclear picture of the general stage of transistor 
development at the present time. It is intended 
for the user of these devices rather than for the 
engineer engaged in developing or designing them, 
and it is aimed particularly at informing him of 
the transistor’s potentialities and limitations. 
The volume contains 65 illustrations and a bibli- 
ography of 277 references. 

Contents: (1) Introduction. 
Imperfections. (3) p-m functions. (4) Point- 
Contact Devices. (5) Operating Temperatures— 
Output—Life. (6) Applications—Circuitry— 
Testing. (7) Special H.F. Transistors. (8) Choice 
of Semiconductors. (9) Conclusions—The Fu- 
ture. 

Basic Electrotechnics. B. L. Goodlet. 
London, Edward Arnold, Ltd., 
illus, diagrs., tables. $5.25 


d0.20. 


(2) Crystal 


2d Ed. 


1955. 277 pp., 


A textbook for degree students, this is the 
second edition of a work first published in 1951. 
The general revision is expanded by 30 pages and 
includes a new chapter on transient phenomena. 
The author has been Professor of Electrical Engi- 
neering in the Universities of Cape Town and 
Birmingham. 

Contents: Table of Dimensions. (1) Steady 
Electric Currents. (2) Electrostatic Fields, Con- 
densers and Dielectrics. (3) Electrodynamics. 
4) The Calculation of Magnetic Fields. (5) 
Alternating Currents. (6) Transient Phenomena. 
7) Maxwell’s Equations and Electromagnetic 
Waves. 


METALS & ALLOYS 


Symposium on Effect of Temperature on the 
Brittle Behavior of Metals; with Particular 
Reference to Low Temperatures. Atlantic City, 
June 28-30, 1953. (Special Technical Publication 
No. 158.) Philadelphia, American Society for 
Testing Materials, 1954. 474 pp., illus., diagrs., 
figs. $2.25. 

Contents: Introduction, A. L. Tarr. Brittle 
Failures in Ships and Other Steel Structures, 


kK. K. Cowart 
Ship Plates, M. L. Williams 
of the Brittle Failure in Carbon Plate Steel Struc- 


Analysis of Brittle Behavior in 


A Critical Survey 


tures Other than Ships, M. E. Shank. Interest 
of the Army in Brittle Failures, T. T. Paul. 
Theory of Brittle Fracture and Criteria for Be- 
havior at Temperatures, E. R. Parker. 
Brittle Fracture, S. L. Hoyt. Metallurgical 
Aspects of Low-Temperature Behavior in Ferrous 
Materials, C. 
tures in 


Low 


Fundamentals of Frac- 
Metals, M. Gensamer. The Effect of 
Size upon Fracturing, G. R. Irwin. Brittleness, 
Triaxiality, and Localization, W. P. Roop. Effect 
of Metallurgical Structures on the Impact Proper- 
ties of Steels, J. A. Rinebolt. Evaluation of the 
Significance of Charpy Tests, William S. Pellini. 
Significance of V-Notch Impact Test in Evalua- 
tion of Armor Plate, A. Hurlich. Notch Bend 
Tests for Evaluating the Properties of Weld- 
ments, R. D. Stout. Reproducibility of Keyhole 
Charpy and Tear-Test Data on Laboratory Heats 
of Semiskilled Steels, R. H. Frazier, J. W. 
Spretnak, and F. W. Boulger. Effect of Specimen 
Preparation on Notch-Toughness Behavior of 
Keyhole Charpy Specimens in the Transition 
Temperature Zone, R. W. Vanderbeck, R. W. 
Lindsay, H. D. Wilde, W. T. Lankford, and S. C. 
Synder. Low-Temperature Impact Properties of 
Titanium, David E. Driscoll. Effects of Boron 
on the Impact Properties of Quenched and Tem- 
pered Steels, H. Schwartzbart and J. P. Sheehan. 
The Notched-Bar Impact Properties of Tem- 
pered Martensite in Medium Carbon, Medium 
Alloy Grades of Steel, M. Baeyertz, W. F. Craig, 
Jr., and J. P. Sheehan. Notch Sensitivity of 
Steels, E. J. Ripling. Effect of Carbon and Nitro- 
gen on the Tensile Deformation of High-Purity 
Iron at 81°F (27°C) and at —321°F (—196°C), 
Lewis D. Hall. Tension Impact Strength and 
Strain Distribution at Room and Sub-Zero Tem- 
peratures of Stainless and Other Steels, C. R. 
Mayne, V. N. Krivobok, and C. W. Muhlen- 
bruch. Low-Temperature Toughness of Flake 
and Spheroidal Graphite Cast Iron, J. S. Vanick. 
Ductile and Brittle Failure in Ferritic Nodular 
Irons (Nickel-Magnesium Type), G. N. J. Gilbert. 
The Low-Temperature Properties of Cast Irons, 
G. N. J. Gilbert. Impact Properties of Ferritic 
Ductile Iron, R. W. Kraft. 


H. Lorig. 


METEOROLOGY 


Man and the Winds. E. Aubert de la Rue. 
New York, Philosophical Library, 1955. 
illus. $6.00. 


206 pp., 


For information on IAS 
Library Services, 
see page 115 


Statements and opinions ex- 
ressed in Book Reviews are to 
@ understood as individual ex- 

pressions and not necessarily 
those of the Institute. 
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A survey of winds as they affect man in agri- 
culture and forestry, building and town-planning, 
sociology and engineering, biology and medicine, 
travel and sport. Though it would appear to be 
of fundamental interest to the meteorologist, the 
nontechnical treatment and historic information 
give this ‘‘geographical wind-atlas”’ 
base of appeal. 


a broader 


PHYSICS 


Modern Physics; A Textbook for Engineers. 
Robert L. Sproull. New York, John Wiley & 
Sons, Inc., 1956. 491 pp., illus., diagrs., tables. 
$7.75. 

The author, Associate Professor of Physics at 
Cornell University, has developed this book from 
notes used in a course for engineering undergradu- 
ates and in courses for practical engineers at 
Westinghouse, Corning Glass, and Sylvania. The 
approach is analytical rather than only descrip- 
tive. The crucial experiments are analyzed and 
the elemental theory underlying the properties of 
atoms, molecules, solids, and nuclei is based on 
this analysis. The analysis is carried far enough 
so that the “‘new’”’ physics can be applied to under- 
standing processes (such as thermionic emission 
or the nuclear reactor), instruments (such as the 
optical pyrometer or the mass spectrometer), and 
the properties of materials (such as ferromagnetic 
materials or semiconductors). For self-study or 
for formal program, features include a large num- 
ber of problems with a wide range of difficulty 
and a good selection of references at the end of each 
chapter. M.k.s. units are employed throughout. 
One of the several appendices give simple instruc- 
tions for converting to c.g.s. units. 


POWER PLANTS 


Gas Turbine Principles and Practice. Sir 
Harold Roxbee Cox, Ed. Written by 24 Specialist 


Contributors. New York, D. Van Nostrand 
Company, Inc., 1955. 948 pp., illus., diagrs., 
tables. $17.50. 


Divided into 30 sections, all under the editor- 
ship of the former Managing Director of Power 
Jets (Research and Development) Ltd., and writ- 
ten by specialists, this volume (which gives indi- 
cation of future editions) is intended for engineers 
and designers in aeronautical, marine, industrial, 
transport, and allied spheres, and for third-year 
and postgraduate students. The Editor is now 
Vice-Chairman of the College of Aeronautics, 
Cranfield. Each section is rounded off with a 
bibliography. The arrangement of material, the 
over 600 illustrations, and the 93 tables give the 
book the added feature of a desk reference volume. 

Contents. (1) Introduction, Sir Harold Roxbee 
Cox. (2) Gas Turbine Cycles, R. E. Wigg. (3) 
Thermodynamics, E. Glaister and A. G. Smith. 
(4) Mechanical Aspects of Gas Turbine Design, 
G. B. R. Feilden. (5) The Axial Compressor, 
A. D. S. Carter. (6) Centrifugal Compressors, 
L. J. Cheshire. (7) Positive Displacement Com- 
pressors, J. Shapiro. (8) Axial Turbines, L. J. 


Cheshire. (9) The Radial Turbine, A. W. H. 
Jamieson. (10) Materials of Construction, C. G. 
Conway. (11) Steady Stresses in Turbine Com- 
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To get at the roots 
of your turbine 
problems— 


READ 


AIRCRAFT 
GAS 
TURBINES 


By C. W. SMITH, 
Aircraft Gas 
Turbine Div., 
General Electric 
Co. 


This new work by one of the field's 
outstanding authorities, presents a 
rounded picture of the aircraft gas 
turbine power plant. Provides a use- 
ful source of information on such 
topics as the design of pumps, com- 
pressors, and turbines; the analysis, 
prediction, and calculation of per- 
formance; the correction of test re- 
sults; and the presentation of per- 
formance data. 


Sufficient thermodynamic and aero- 
dynamic theory are given for a full 
understanding of the gas turbine, 
minimizing the necessity of referring 
to other books. All symbols are in 
accordance with the recommenda- 
tions of the American Standards 
Association. The illustrations are 
simple and fundamental—designed to 
clarify the written material. 


One of a series written by General Electric 
authors for the advancement of engi- 
neering practice. 


1956 448 pages ilus. $8.75 


Mail this coupon today for your on-approval copies 


JOHN WILEY & SONS, Inc., AER-26 
440 Fourth Ave., New York 16, N.Y. 


Please send me AIRCRAFT GAS TURBINES to read and 
examine ON APPROVAL, In 10 days I will return the 
book and owe nothing or will remit the full purchase 
price, plus postage. 


Address 


< 

SAVE POSTAGE? Check here if you ENCLOSE 
payment}in which case we pay postage. Same return 
privalege, of Course. 


py 


| 

| 

| Name 


NEERING REVIEW 


ponents, P. H. W. Wolff 


12) Vibration, J. R 
Petroleum Fuels, H 
(14) Solid Fuels, T. F. Hurley 
of Liquid Fuels, I. G. Bowen. (16) Principles of 
Combustion—Solid Fuels, T. F 


Forshaw Rowling 


15) Combustion 


Hurley 17) 
Combustion Systems for Liquid and Gaseous 
Fuels, I. G. Bowen. (18) Combustion Systems 

Solid Fuels, T. F. Hurley. (19) Ash Deposition 

Petroleum Fuels, H. Rowling (20) Fuel Ash 
Deposition Corrosion, and Abrasion—Solid 
Fuels, T. F. Hurley. (21) Heat Exchange and 
Heat Exchangers, O. A. Saunders and H. E 


Upton 22) The Aircraft Applications, R. H 
Schlotel 23) Stationary Applications, C. G 
Conway 24) Marine Applications—Mercan 


tile, J. B. Bucher 
Naval, G. F. A. Trewby. (26) Transport Applica 
tions—Road Vehicles, S. K. Hambling and C. S 
King 27) Transport Applications—Locomo 
tives, C. G. Conway and L. G. Copestake. (28) 
Industrial Process Applications, R. I 


(25) Marine Applications 


Hodge 
(29) Educational Facilities: University and Col 
lege Courses in Great Britain; Overseas Univer 
sities; University Grants; Engineering Appren- 
ticeship and Graduate Training Schemes. (30) 
Tables and Symbols Conversion Factors, 
Definitions, and Basic Units; Properties of the 
Standard Atmosphere; Principal Symbols in Use 
at the National Gas Turbine Establishment 


Index 


PRODUCTION 


Engineering Drawing and Geometry. Ran 
dolph P. Hoelscher and Clifford H. Springer. New 
York, John Wiley & Sons, Inc., 1956 
illus., diagrs. $8.00 


510 pp 


The authors, both professors of general engi 
neering at the University of Illinois, present an 
entirely rewritten version of ‘‘Engineering Draw 
ing’’ (published 1935), by Harvey H. Jordan and 
R. P. Hoelscher 
students employing the organization and methods 


Designed for engineers and 


of the previous book, the stress is on engineering 
rather than descriptive geometry. Among the 
special features are: Axonometric projection as 
well as standard isometric and oblique; up-to 
date material on design for interchangeable 
assembly, covering limit dimensioning, geometri 
cal, and positional tolerancing; an appendix 
containing tables needed in the drafting room; 
and problem material—enough for four semesters 
without repetition. Workbooks designed for use 
with text are available 


ROTATING WING AIRCRAFT 


Proceedings of the Second Annual Western 
Forum, September 21 and 22, 1955, Los Angeles. 
New York 
September, 1955 
AHS Members 


appearing int 


American Helicopter Society, Inc., 
$5.50; $3.50 to 


(Corrected title of annotation 


171 pp., illus 


e January issue, p. 150.) 


THERMODYNAMICS 


The Chemical Kinetics of Excited States. 
Keith J. Laidler. Oxford, The Clarendon Press; 
New York, Oxford University Press, 1955. 180 
pp., diagrs., tables. $4.80 

A theoretical treatment of the chemical kinetics 
of reactions that involve electronically excited 
species, either as reactants or as products. Sub 
ject matter is closely related to the fields of photo 
chemistry, radiation chemistry, and combustion 
kinetics. The book is mainly concerned with giv 
ing a uniform discussion of the basic theoretical 
Though 
theoretical in approach, considerable use has been 


material that is common to these fields 


made of experimental material, in particular of 
kinetic and spectroscopic data. Attention is drawn 
to Chapter 8 which deals with the kinetics of 
reactions occurring in flames. The author (Asso 
ciate Professor of Chemistry at the Catholic Uni 
versity of America) presupposes a general knowl 
edge of elementary quantum mechanics, spec 
troscopy, and chemical kinetics on the part of his 
advanced reader Bibliography scattered 


—-MARCH, 1956 


ELECTRONICS 
ABSTRACTS 


The electronics industry's first complete compi- 
lation of every available published abstract 
covering electronics articles appearing in peri- 
odicals published throughout the world during 
1955. 

This valuable, carefully-compiled Reference 
work contains wejl over 7,500 separate ab- 
stracts of individual electronics articles pub- 
lished in almost 200 different magazines in 23 
countries including those in the Soviet sphere 
Over 500 pages printed on long-wearing 
enamel stock, sturdy, handsome cover and pro- 
fessionally indexed for ease of use 
Publication date: March 15th, 1956 

Price: $25.00 per copy 

Limited printing. Checks must accompany all 
orders. No cash or quantity discounts of any 
kind. Send all checks and orders to 


ELECTRONICS ABSTRACTS 


56 E. WALTON PL., CHICAGO 11, ILL. 


These DATA SHEETS 
will save your firm 
thousands of dollars in 
searching for data on 


ELECTRONICS TEST 

EQUIPMENT and give 

you comprehensive and 

descriptive data easily 

accessible for compari 

son, current and packed 

with vital working information Now 

available to industry for the first time 

e Order your copy of the 4 volume set 
containing illustrative data sheets on 
almost 1100 items procured for use 
by the U.S. Air Force 
Contains over 3,000 (8'/2” x 11”) 
pages, newly revised, mounted in 3 
post expandable hard back binders 
Price $135 per set plus tax & express 
charges while supply lasts. Express 
paid on orders accompanied by 
checks. Free Sample Data Sheet with 
further details furnished on request 


CARL L. FREDERICK AND ASSOCIATES 
Bethesda 14, Maryland 
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throughout in the form of footnotes. Use of the 
material is facilitated by Name and Subject 
Indexes 

Temperature: Its Measurement and Control 
in Science and Industry, Vol. 2. Hugh C. Wolfe, 
Ed. Papers presented at the Third Symposium 
on Temperature, Washington, October 28-30, 
1954 Sponsored by American Institute of 
Physics; National Bureau of Standards; and 
Office of Ordnance Research, U.S. Army New 
York, Reinhold Publishing Corporation, 1955 
467 pp., illus., diagrs., tables. $12 

This volume contains all the papers presented 
at the Symposium with the exceptions of ‘‘Tem- 
perature in Relation to Flow Processes,’’ by J. G 
Kirkwood, and “‘Temperature in Shock Waves,”’ 
by A. R. Kantrowitz. 

Contents: The Temperature Concept, Hugh C. 
Wolfe The Concept of Temperature Near 
Absolute Zero, F. E. Simon. High Gas Tempera- 
tures, G. H. Dieke. Astrophysical Temperatures, 
Cecilia Payne-Gaposchkin. Gas Thermometry, 
James A. Beattie. Thermodynamic Tempera- 
tures Obtained from P-V Isotherms of He Gas 
between 2° and 4°K, William E. Keller. High 
Temperature Gas Thermomet Helmut Moser. 
The International Temperature Scale, J. A. Hall. 
Precision Resistance Thermometry and Fixed 
Points, H. F. Stimson. The Zinc Point as a 
Thermometric Fixed Point, H Preston-Thomas. 
Low Temperature Scales from 90° to 5°K, R. B. 
Scott The Helium Vapor-Pressure Scale of 
Temperature, R. P. Hudson Techniques of 
Magnetic Thermometry, H. van Dijk. Thermo- 
dynamics of Irreversible Processes and Fluctua- 
tions, I. Prigogine. Relaxation of Partial Tem- 
peratures, K. F. Herzfeld. Thermometry Below 
°K, D. de Klerk Experimental Temperature 
Measurements in Flames and Hot Gases, H. P. 
Broida lemperature Measurement in Engineer- 
ing, Harold J Hoge. Superconductors as 
Thermometers, J. G. Daunt. Semiconductors as 
Thermometers A. Friedberg. Sound Velocity 
as a Measurement of Gas Temperature, A. L. 
Hedrich and D. R. Pardue. ‘Temperatures in 
Atomic Explosions, F. G. Brickwedde. Ioniza- 
tion Measurements at High Temperatures, W. 
Lochte-Holtgreven. Temperatures in the Upper 
Atmosphere, Homer E. Newell, Jr. 

Each paper contains a bibliography and the 
Author Index is supplemented with a rather ex- 
tensive Subject Index. 


YEARBOOKS 


Jahrbuch 1954 der Wissenschaftlichen Gesell- 
schaft fiir Luftfahrt e.v.§ (WGL). Mit den 
Vortragen der WGL-Tagung in Duisburg vom 
13. bis 16. Oktober 1954 Herausgegeben von 
Hermann Blenk Braunschweig, Friedr. Vieweg 
& Sohn, 1955. 324 pp., illus., diagrs., tables. 
DM 36 

Contents Georg Hamel zum Gedachtnis 
(George Hamel, in Memoriam), I. Szab6é (In- 
cludes 83 references). Die Bedeutung der Luft- 
fahrt fir den Wiederaufbau Deutschlands (The 
Significance of Aviation in the Reconstruction of 
Germany), Leo Brandt. Transonic Wind Tunnel 
Development of the NACA, H. Julian Allen. 
Some Transonic Airflow Problems, C. H. E. 
Warren. Geschwindigkeitsverteilungen in zwei- 
dimensionalen gekriimmten Lavaldiisen (Velocity 
Distributions in Two-Dimensional Curved Laval 
Nozzles), Willi Jacobs Untersuchungen an 
Pfeilfliigeln zwischen Wa&nden bei schallnaher 
unter- und Uberschallanstrémung (Investigations 
of Swept Wings between Parallel Walls in Tran- 
sonic Flow), Willi Jacobs. On the Boundary 
Layer with Variable Prandtl Number, E. R. Van 
Driest. Brachystochrone Flugbahnen im Raum 
bei zeitlich veranderlichem Fluggewicht (Short- 
Duration Flight Paths in Space with Flying 
Weight Varying with Time), Hermann Behr- 
bohm. Einige Sonderfalle d mischer Stabilitat 
(Some Special Cases of Dynamic Stability), Karl 
H. Doetsch Turbine Transports, Whither 
Hence? Arthur E. Raymond. Ueber die Konzep- 
tion von Coleoptern (The Concept of the Cole- 
opter). Helmut v. Zborowski. Der Ringfliigel als 
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This simplified drawing of an experimental 
homogeneous type power reactor, now in 
the final assembly stage, shows one of five 
nuclear reactor projects currently under way 
at Los Alamos, where the world’s first ho- 
mogeneous reactor was designed and built 
and is still in operation. 


Indicative of the importance of these experi- 
ments is the Laboratory's thirteen year record 
in active research, design and development 
in this major field of basic scientific interest. 


Many challenging projects in nucleonics, 
physics, chemistry, metallurgy, mathematics 
and engineering support these as well as 
other of the Laboratory's diverse activities. 


Top-level scientists and engineers interested 
in long-range career opportunities at one 
of the nation’s foremost scientific labora- 
tories can secure complete information by 
writing 


DEPARTMENT OF SCIENTIFIC PERSONNEL 
Division 600 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


Tragwerk und Triebwerk (The Annular Wing as 
a Lift and Propulsive Device), Wilhelm Seibold 
Statischer Aufbau des Ringfliigels (The Static 
Structure of the Annual Wing), Heinrich Herte] 
Beitrag zum Thema Senkrechtstart (A Contribu 
tion to the Subject of Vertical Take-Off), G 
Eggers. Einfluss der Kreiselkrafte einer Strahl- 
turbine bei Senkrechtstart und -Landung (Infly- 
ence of Turbojet Gyroscopic Forces during Vertj 
cal Take-Off and Landing), G. Ermst. Aus der 
Entwicklung des Strahltriebwerkes ATAR 10] 
On the Development of the ATAR 101 Turbo- 


jet) H. Ogestrich Hohenflugprobleme der 
Strahlturbine (High-Altitude Problems of the 
Turbojet), H. G. Miinzberg Beitrage zur 


Gestaltung von Lufteinlauf und Strahlaustritt 
Determining the Shape of Air Inlets and Jet 
Outlets of Turbojet Aircraft), G. Richter. Vibra- 
tion Problems in High-Speed Aircraft Structures 
L. Broglio. Ueber Reibungswiderstand, Gleichge- 
wicht und Ausgleichsgrad in der Héhensteueran 
lage von Flugzeugen (Frictional Resistance 
Equilibrium, and Degree of Compensation jin 
Aircraft Elevator Control Installations), G 
Gabrielli. Entstehung, Bedeutung und Bekimp- 
fung der Schwerhdérigkeit des Fliegers (Origin 
Significance, and Combating of Hearing Disability 
in Pilots), K. Wiesinger and F. Landgraf. Luft- 
krankheit, Wesen und Zeichen, Prophylaxe und 
Therapie (Air Sickness, Its Nature and Symp- 
toms, Prophylaxis and Therapy), Karl Schindl 
Ueber  nicht-sauerstoffmangelbedingte Verin- 
derungen des Héhen-elektrokardiogramms (Non- 
hypoxic High-Altitude Electrocardiogram 
Changes), H. Becker-Freyseng and M. Stamm- 
berger. Ueber vorkommende Beschleunigungen 
im Laufe einiger Kérperbewegungen bei Fall- 
schirmlandungen (Accelerations Occurring during 
Certain Body Movements in Parachute Land- 
ings), T. Lomonaco and G. Mazzella Die 
Regulierung des Blutdruckes wahrend der 
Hypoxie und der Sauerstoffatmung (Regulation 
of Blood Pressure during Hypoxia and Oxygen 
Breathing), José Ruiz-Gijon. Ueber den Einfluss 
der Polyglobulie auf die Héhenanpassung (The 
Influence of Polyglobulism on Adaptation to 
Altitude), Max Matthes Fortlaufende Regis- 
trierung des CQO2-Gehaltes der Exspirationsluft 
mit dem Infrarotanalysator (Continuous Re- 
cording of the COs Content of Exhaled Air by 
Means of an Infrared Analyzer), K. Matthes and 
W. Ulmer. Histo-physiologische Studien des 
retikular-endotelialen Systems mit Bezug auf 
wechselnden atmospharischen Druck (Histo- 
Physiological Studies of the Reticulo-Endothelial 
System with Reference to Variations in Atmos- 
pheric Pressure), A. Valle-Jiminez Klinisch- 
Physiologische Betrachtungen zur Hdéhenfestig- 
keit von Fliegern bei der Chemotherapie mit 
Sulfonamiden (Clinico-Physiological Analyses of 
the Altitude Resistance of Pilots under Sulfon- 
amide Chemotherapy), Bruno Miiller Anpas- 
sung an chronischen Sauerstoffmangel; Physi- 
ologische Befunde beim Morbus Caeruleus 
Adaptation to Chronic Hypoxia; Physiological 
Findings in Morbus Caeruleus), Giinter Neuhaus 
Beitrage aus der luftfahrtmedizinischen Grund- 
lagenforschung zur klinischen Therapie (The Con- 
tributions of Fundamental Aeromedical Research 
to Clinical Therapy, O. Wiinsche Ueber den 
Einfluss langjahriger Unterbrechung der fliege- 
rischen Tatigkeit auf das geschadigte Hérorgan 
(The Effect of Prolonged Cessation of Flying 
Activity on the Damaged Ear), Siegfried Ruff 
Flugmedizinische Forderungen fiir die moderne 
Flugzeugentwicklung (Aeromedical Requirements 
of Modern Aircraft Development), Siegfried Ruff. 
Aerodynamische Gesichtspunkte der Wind- 
kanalentwicklung (Aerodynamic Aspects of Wind 
Tunnel Development), Alexander Naumann. 
Beitrag zur Windkanal-Messtechnik (A Contri- 
bution to Wind Tunnel Measurement Tech- 
niques), A. Heyser. Zur Theorie der wenig ges- 
térten homogenen Ueberschallfelder (On the 
Theory of Homogeneous Supersonic Fields with 
Small Disturbances), Hermann Behrbohm. 
Neuere Ergebnisse aus der Theorie schallnaher 
Strémungen (Results of Recerit Investigations 
Utilizing the Theory of Supersonic Flows), 
Gottfried Guderley. Ueber die Steuerung von 
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ng as Hubschraubern (On the Control of Helicopters), | T 5 
eibold Walter Just. Zur Frage der Ermiidungsfestigkeit NOR H AMERICAN S 
Static im Flugzeugbau (The Problem of Fatigue 
Hertel, Strength in Aircraft Construction), E. Gassner 
ntribu- Entwicklungstendenzen im Strahltriebwerksbau 


| in | Columbus Division 


Strahl- B. Eckert. Technik der Flugsicherungsanlagen 


Influ- im Bundesgebiet (Air Traffic Control Techniques 
Verti in Western Germany), K. Barner. Zur Theorie : 
us der der instationaren Leewellen (On the Theory of Seen .. 
R 101 Nonstationary Lee Waves), J. Zierep. Wolken- 
l'urbo- photogrammetrie (Photogrammetry of Clouds), 
e der H. Meyer. Konvektionsstr6mung im fliissigen 
of the Schwefel (Convective Flow in Liquid Sulphur; 
a Summary Only), H. v. Tippelskirch. Ein Sicht- 
tustritt messer fiir Luftfahzeuge (A Visibility Meter for 
nd Jet Aircraft; Summary Only), G. H. Ruppersberg 
Vibra- Einige technische Probleme des Luftverkehrs 
ictures (Some Technical Problems of Air Transporta 
eichge- tion), J. Siissenguth 
- 
ribade Jahrbuch 1953 der Wissenschaftlichen Gesell- 
tion in schaft fiir Luftfahrt e.v. (WGL). Mit den 
s), G Vortragen der WGL-Tagung in Géttingen vom 
ekimp- 2. bis 29. Mai 1953. Herausgegeben von 
Origin Hermann Blenk. Braunschweig, Friedr. Vieweg 
sability & Sohn, 1954. 224 pp., illus., diagrs., tables. 
Luft- DM 28.-. 
xe und The papers presented in this volume are as fol- 
Symp- lows: Ludwig Prandtl zum Gedachtnis (Ludwig 


schindl Prandtl, in Memoriam), W. Tollmien (this paper 


Veran- includes a 158-reference bibliography of Prandtl’s 
Non- works), Wege der Forschung (Ways of Research), 

liogram A. Betz. Tragflachentheorie bei inkompressibler : 

stamm- Strémung (Theory of Lifting Surfaces in Incom- ' 

sungen pressible Flow), E. Truckenbrodt. The Calcula- | 

i Fall- tion of the Profile Drag of Aerofoils and Bodies of | 

- during Revolution at Supersonic Speeds, A. D. Young. | O ff 2 r i A New h a ll e ri g e 
a Der Stand des Leewellenproblems (The Status of | 

die 


the Lee Wave Problem), J. Zierep. Windkanal- 


id der versuche zum Studium des Flatterverhaltens | I" E; x PERIEN( E D 
sulation eines Nurfliigelflugzeuges (Wind Tunnel Tests in | O 


Oxygen the Study of the Flutter Characteristics of an | 


Einfluss All-Wing Aircraft), H. Wittmeyer. Vibrations | 
ig (The d’'aubes d’un compresseur axial (Vibration of 
tion to | 


Axial Compressor Blades), S. Boudigues. Einige 


Regis- Bemerkungen iiber den Angriff des Strahltrieb- 
ionsluft werksschubes an Flugzeugzellen (Some Remarks You can share in a new kind of career challenge... if you 
R 
us on the Action of Engine Thrus Airframes 
Air by have experience and vision. Here's the story briefly: 
A. W. Quick and H. Séhngen. Der Grenzschicht- : 
hes and zaun (The Boundary Layer Fence), W. Liebe. | North American's Columbus Division has prime responsi- 
bility for the design, development and production of North 
expérimental des régles de similitude (Study of A 'sN | airol The Divisi thy 
(Histo- Transonic Flows; Experimental Control of the S Naval alrp € young, wl 
—_— Similarity Rules), L. Malavard. Résultats con- highly-successful FJ-4, a concept-to-flight Columbus Divi- 
ned cernant la structure des ondes de choc (Results of | sion product, as evidence that its engineering team is going 
ane a Study of Shock Wave Structure), J. J. Bernard. ae 
onfestig- Geschwindigkeit, Konstruktionsgewicht und places. 
pie mit Nutzlast moderner Verkehrsflugzeuge (Speed, Young organization... greater Individual Opportunity 
lyses of Structural Weight, and Useful Load of Modern for you 
Sulfon- Transport Aircraft), Karl Thalau. Der Einfluss you. om 
Anpas- der Anfangsbedingungen auf die Entwicklung der You are sure of se Stability mee North American Aviation 
Prise laminaren Kompressibilen Grenzschicht in zwei | is the company that has built more airplanes than any other 
Dimensionen (The Influence of Initial Conditions | 
iological on the Development of the Laminar Compressible m the world Promise the availability of posl- 
preset Boundary Layer in Two Dimensions), E. A. | tions for experienced engineers comes only from success. 
Grund- Eichelbrenner. Algemeine Probleme der Grenz- 
“he ~~ schichtsteuerung (General Problems of Boundary A SELECT FEW POSITIONS ARE OPEN 
Lesearc | 


ie cle Layer Control), G. V. Lachmann. Zur Aero- IN EACH OF THESE FIELDS: 


dynamik der kleinen Reynolds-Zahlen (Aero- 


r fliege- dynamics at Small Reynolds Numbers), F. W. | Aerodynamicists, Thermodynamicists, Dynamicists, Stress En- 

— Schmits Erste Ergebnisse der deutschen gineers, Structural Test Engineers, Flight Test Engineers, 

ed Ruff | Mechanical and Structural Designers, Electrical and Electronic 

moderne mentellen Leewellenforschung (On Experimental | Engineers, Wind Tunnel Model Designers and Builders, Power 

irements Lee Wave Research), W. B. Klemperer. Spréd- Plant Engineers, Research and Development Engineers 

ied Ruf. bruch von Schweissverbindungen; das Nich- 
Wind- schmelzschweissen (Brittle Fracture of Welded Weights Engineers. 

of Wind Joints; Low-Temperature Welding), C. Torre. For The Full Story On Your Ohio Future, Write Today: Mr. 

Ramee: Einige Probleme bei Raketenantrieben (Some | J. H. Papin Personnel Manager Department 56AE. North 
Contri- Problems of Rocket Power Plants), O. Lutz. inf PI 

it ‘Tech- Riickblick auf die deutschen Entwicklungen auf American Ss Columbus Division, Columbus 16, Ohio. 

enig ges- 


dem Gebiete der Funkmesstechnik (A Review of 


(On German Developments in the Field of Radar), 
Ids with H. Diehl. Planung und Bau von Hubschrauber- A\ Engineering Ahead for a Better Tomorrow 
we flughifen (Planning and Construction of Heli- In 
sit ports), Werner Treibel. Ueber Stabilitatsprob- N 
gre leme gasférmiger Grenzschichten (On the Stabil- ‘ ORTH MERICAN VIATION, INC. 
Flows), ity Problems of Gaseous Boundary Layers), W. 
‘ung von 


Tollmien. 


COLUMBUS DIVISION 


_— Development Trends in Jet Power Plants), 


OMAR 


Engineers in 
framing 

Experienced 
engineers 


...there’s no limit to the oppor- 


tunities open to you as members of 


the OMAR team in the fields of: 

Rocket and Ramjet Engines 

Propellants and Fuels 

Testing and Evaluation 
Positions are open for the 
following: 

mechanical engineers 

combustion engineers 

aeronautical engineers 

stress analysts 

turbine engineers 

thermodynamicists 

servo engineers 

electrical engineers 

nuclear engineers 

ordnance engineers 

instrumentation engineers 

test engineers 

development engineers 

process design engineers 

production engineers 

physicists 

mathematicians 

organo-metallic specialists 

inorganic chemists 

organic chemists 

polymer chemists 

electrochemists 

physical chemists 

analytical chemists 
On the OMAR team, vou’re affiliated 
with pioneers in the field of supersonic 
propulsion: Reaction Motors, Inc., 
first in the American rocket industry; 
Marquardt Aircraft Company, the 
West's largest jet research and devel- 
opment center and first in ramjets; 
Olin Mathieson Chemical Corpora- 
tion, a leading producer of chemicals, 
metals, explosives, and high-energy fuels. 

You're on a team that unites for the 
first time both chemical and mechani- 
cal experience in research, develop- 
ment, and production of supersonic 
rockets, ramjets, and liquid and solid 
propellants. 

For further information write 
OMAR Employment Officer at the 
company nearest you. 

Olin Mathieson Chemical Corporation 
468 Park Avenue, New York 22, N. Y. 
Reaction Motors, Inc. 

Denville 5, New Jersey 
Marquardt Aircraft Company 
16558 Saticoy Street 
Van Nuys, California 
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WORK ON NEW YORK’S 
PLAYGROUND 


The Navy’s new supersonic Tiger, de- 
signed and built by Grumman, opens a 
new era for jet fighters. You can get in 
on the beginning, plus working on other 
jet fighters, anti-sub planes, and 
amphibians. Grumman has openings for 
experienced aircraft engineers and re- 
cent engineering graduates. 


e Wing and Fuselage Designers 

e Hydraulic Engineers 

e Stress Analysts 

e Flight Test Engineers 

e Vibration & Flutter Engineers 

e Aero & Thermodynamicists 
Send resumes to Engineering Personnel 
Dept. Interviews at Employment Office. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE © LONG ISLAND © NEW YORK 
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| AERONAUTICAL 
| ENGINEERS 


are needed in our 


Aero-Mechanics Department to | 
conduct applied research in the 
fields of aeroelasticity, struc- 

tures, helicopter and guided 
missile research. Current in- 
vestigations include analytical 
and experimental research on 
flutter of straight, sweptback and 
| delta wings at subsonic, tran- 
sonic and supersonic speeds 
structural and vibrational charac- 
teristics of supersonic propeller 
h blades; aerodynamic heating at 
hypersonic speeds; stability and 
control characteristics opti 
mization of guidance systems 
and components, _ including 
mechanization, solution and anal 
ysis of missile problems through 
use of analogue computers. 


Aeronautical engineers are needed at | 
all levels for many other assignments 
Write for comprehensive list of current 
openings. C.A.L. employs more thar 
1100 people and is devoted primarily to 
applied research in the aeronautical 


sciences. 


LL 


TICAL 
4, Tue. 


BUFFALO 21 N.Y 


4350 GENESEE ST 


THE APPLIED PHYSICS LAB- 
ORATORY OF THE JOHNS 
HOPKINS UNIVERSITY offers an 
exceptional opportunity for pro- 
fessional advancement in a well- 
established Laboratory with a rep- 
utation for the encouragement of 
individual responsibility and self- 
direction. 
Our program of 


GUIDED MISSILE 


RESEARCH and 
DEVELOPMENT 
provides such an opportunity 
for men in: 
SUPERSONIC MISSILE DESIGN 


WIND TUNNEL TESTS AND 
DATA ANALYSIS 


: RAMJET DESIGN AND ANALYSIS 
MISSILE SYSTEMS DEVELOPMENT 
r DESIGN AND LAYOUTS OF 
MISSILE COMPONENTS 
RESEARCH AND ANALYSIS IN 
AERODYNAMIC STABILITY & 
CONTROL 


Please send your resume to 


Professional Staff Appointments 


APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8605 Georgia Avenue 


Silver Spring, Maryland 


Engin 
requires 
openings 
or withe 
structor: 
nautical 
persons 
work lo: 
hours p 
quired 
kind of 
furnishe 
Reid, L 
nautical 
Inglewo 

Engin 
been est 
manufa 
small, v 
now ex] 
of gyre 
ometers 
We nee 
includit 
sign pr 
Hearse) 
Room | 

N. J. (i 
a numt 
propuls 
availab 
design 
frame f 
nautica 
with 
thrust 
stabilit 
tion, se 
analysi 
salary 
Reacti 


| Y 
CORNE 
| | 
 GINEERS | | 
: 
: Ar 
Av 
Bo 
Ex 
Fa 
Th 
: : G 
Se 
Je 
| 


B- 8 
NS 8 
e 
an e 
O- a 
p 8 
of $ 
e 
e 
e 
e 
iT 


Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 


se organizations offering employment to Aeronautical specialists. 


tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Engineering Instructors—lIncreased enrollment 
requires teaching staff expansion creating several 
openings soon for industry-experienced men, with 
or without teaching experience, to serve as in- 
structors in the various phases of practical aero- 
nautical engineering. Retired or semiretired 
persons desiring California residence and light 
work load can be employed for as little as 2 or 3 
hours per day. American citizenship not re- 
quired. Our leaflet of full particulars about our 
kind of teaching, also the school catalog, will be 
furnished on request. Send replies to: C. T. 
Reid, Director of Engineering, Northrop Aero- 
nautical Institute, 1199 W. Arbor Vitae Street, 
Inglewood 1, Calif. 

Engineers—Electromechanical—Our firm has 
been established since before World War II in the 
manufacture of aircraft equipment. Although 
small, we have shown consistent growth and are 
now expanding our activities in the manufacture 
of gyro mechanisms, accelerometers, potenti- 
and other electromechanical devices. 
We need competent engineers at various levels, 
including Chief Electro Engineer, to work on de- 
sign problems. Please send résumé to: E. L. 
Hearsey, Sturgess, Inc., 621 South Hope Street, 
Room 1023, Los Angeles 17, Calif. 


Engineers—Reaction Motors, Inc., Denville, 
N. J. (less than 1 hour from New York City), have 
a number of openings for engineers in the rocket 
propulsion field. Challenging opportunities are 
available for men with experience or training in 
design and stress work in aircraft engines or air- 
frame field; other openings are available for aero- 
nautical, mechanical, and electrical engineers 
with experience in power-plant installation, 
thrust chamber and injector design, combustion 
stability, rocket engine testing and instrumenta- 
tion, seat catapult ejectors, servocontrols, system 
analysis, etc. Please send résumé including 
salary requirements to: Employment Manager, 
Reaction Motors, Inc., Denville, N.J. 


ometers, 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Research Scientists—The Aeronautica Re- 
search Laboratory of the Wright Air Develop- 
ment Center has openings for qualified research 
scientists in fluid dynamics to work on creative 
problems associated with high-speed aircraft and 
missiles. The work carried on in the Laboratory 
involves both theoretical and experimental ap- 
proaches; the individual's preference for the type 
of problem and method selected for its solution is 
given prime consideration in work assignments 
Scientists are needed to work on problems in 
hypersonic gas dynamics, turbomachinery, pro- 
pulsion. combustion, research facilities, and heat 
transfer. Vacancies exist in the GS-11 through 
GS-14 (starting salary $6,390 through $10,320 per 
annum) for qualified, experienced people with 
formal training in physics, aeronautical engineer- 
ing, or mechanical engineering. Inquiries relative 
to these positions should be directed to: Chief 
Aeronautical Research Laboratory (WCRR), 
Wright Air Development Center, Wright-Pat- 
terson Air Force Base, Ohio. State briefly the 
type of research preferred together with a résumé 
of qualifications and experience, the latter prefer- 
ably on a Civil Service Form 57. Inquiries will 
be given prompt attention. 

Engineers—Exceptional opportunities for 
Servomechanism Engineers with initiative in the 
expanding Systems Section of North American’s 
Columbus Division. Apply now for analysis and 
development work in servomechanisms in the fol- 
lowing fields: hydraulics, dynamic analysis, 
analog computer applications, guidance and con- 


Any member or organiza- 


trol, mechanical and electromechanical, automatic 
controlling systems. M.Sc. or equivalent experi- 
ence in aircraft or related fields required. Contact 
J. H. Papin, Personnel Manager, Department 
56 AR, North American Aviation, Inc., Columbus 
16, Ohio. 

Research Assistants—Opportunities for full or 
part time employment on government contracts 
in mechanics with emphasis on elasticity, vibra- 
tions, and electronic instrumentation. Some 
applied mathematics or electromechanical experi- 
ence desirable. Graduate study commensurate 
with research duties available in Engineering 
Mechanics, Civil Engineering, Mechanical Engi- 
neering, and Applied Mathematics. Salary to 
$6,000 for full time for 12 months’ employment. 
Information may be obtained from Prof. W. L 
Sawyer, Head, Department of 
Mechanics, University 
Fla. 

Engineers—Aeronautical, Mechanical, Indus- 
trial, Metallurgical, Electrical, and Electronic 
Engineering positions are available with the Over- 
haul and Repair Department at the Marine Corps 
Air Station, Cherry Point, N.C. Starting salaries 
range from $4,345 to $6,390 per annum and will 
be commensurate with experience. The positions 
will include the origination, development, and 
issuance of engineering directives and specifica- 
tions relative to the design, development, modifi- 
cation, and testing of Naval aircraft, jet engines, 
air-borne electronic and pneumatic equipment, 
and their related components, as well as plant 
engineering duties related to plant facilities and 
equipment. Send completed application for 
Federal Employment (Standard Form 57) to: 
Industrial Relations Department, U.S. Marine 
Corps Air Station, Cherry Point, N.C. 

Scientists—Engineers—The Wright Air De- 
velopment Center has openings for research sci- 
entists and engineers for experimental and 
theoretical research on elevated temperature and 
fatigue effects on structures and the development 
of design criteria to account for these effects; on 


Engineering 
of Florida, Gainesville, 
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If you are interested in research work that involves 
strength and fatigue characteristics of new materials... 
if you are qualified to analyze and determine static and 
dynamic loads . . . you would find that new develop- 
ments in the field of rotary-winged aircraft are a con- 
stant source of inspiration. 


Three years of aircraft stress experience or an aero- 
nautical engineering degree are the requisites for the 
desirable positions now available with the world’s pio- 
neer helicopter firm. 

Ingenuity and initiative are both welcome attributes 
and, in conformance with the progressive policy of the 
company, result in individual recognition and reward. 
Family well-being, too, is importantly considered, and 
various insurance plans are provided to afford health 
protection and retirement income. 


Please send a complete resume to Mr. A. E. 


ONE OF THE DIVISIONS OF UNITED AIRCRAFT CORPORATION + Bridgeport 1, Connecticut 


AERODYNAMICISTS 


Now you can probe the future by helping to 
develop the most advanced types of piloted 
aircraft. Your reward in this challenging work 


..+@ fascinating future with excellent salary. 


North American has positions available at all 
levels of responsibility in: (1) Aerodynamic 
Development, (2) Aerodynamic Design, (3) Dy- 
namic Stability and Control, (4) Aerodynamic 
Loads, (5) Aeroelastics, (6) Wind Tunnel and 
Flight Test Analys’s. 


Advanced degrees or experience in these fields 
is desirable although not required. 


If you can qualify, contact Les Stevenson, Engi- 
neering Personnel, Dept. 56, North American 
Aviation, Inc., Los Angeles 45, Calif. Phone: 
ORegon 8-3011, Extension 2885. 


NORTH AMERICAN AVIATION, INC. 


Auten, Personnel Department. 


RECENT ENGINEERING GRADS 


ARE YOU INTERESTED IN GETTING 
AN ADVANCED DEGREE? 


If you want to combine work and study, and at the 
same time gain experience in research techniques, full 
time employment opportunities are available in aero- 
dynamic research projects utilizing wind tunnel facilities. 
Any type of engineering training from an accredited 
college acceptable. Submit details of background to 
Mr. F. K. Womack: 


University of Minnesota 
Aeronautical Engineering Laboratory 


Rosemount Research Center 
R RAL + 


When you write to manufacturers whose advertising appears 
in the 
Aeronautical Engineering Review, 
it will be of interest to the companies 


and of benefit to the Institute if you mention that you saw it 


in the 


Aeronautical Engineering Review 
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servomechanism and control problems concerning 
automatic control systems for aircraft; and on 
aspects of aircraft dynamic problems. For further 
information, write Commander, Wright Air De 
Center, ATT: WCRRN, Wright- 
Patterson Air Force Base, Ohio, enclosing a com- 
pleted Standard ‘‘Application 
Federal Employment.” 

726. Professor of Aeronautical Engineering— 
Opening for qualified staff member to teach aero 
dynamics at undergraduate and graduate level. 
Advanced degree required 


velopment 


Form 57, for 


Position available in 
astate university located in Middle Atlantic area 
Applicants should furnish résumé of education 
and experience in initial reply. 

719. Analytical Engineers, Engineering Physi- 
cists, Applied Mathematicians—Expanding re 
search, development, and consulting organization 
has exceptional openings for senior personnel in- 
terested in applying the most advanced scientific 
knowledge to engineering problems. Experience 
in one or more of the following fields is desired: 


aerodynamics, heat transfer, aerothermody- 
namics, system dynamics, and _ performance 
analysis. These are top positions for personnel 


capable of independent work and supervision of 
Salary $12,000-$14,000. 
are in advanced missiles, jet engines, and nuclear 


others Our activities 


power plants 


717. Applied Hydrodynamicist—With strong 
background in fundamental fluid dynamics for 


Northern New Jersey location 


position of senior project engineer with moderate 
size research organization. Applicant should be 
familiar with potential flow theory, etc., and be 
capable of handling such problems with minimum 
of supervision. Opportunity for graduate study 
At least 3 years of experience. Starting salary 
$6,000 to $8,500 depending upon qualifications 
Location metropolitan New York area. Enclose 
résumé of education and experience with initial 
reply 

716. Graduate Engineer or Physicist—Young 
graduate engineer or physicist for experimental 
and 
hydrodynamics with moderate size research or 


research and development work in aero- 


ganization Supported graduate study program 
Opportunity for advancement 
$4,200 to $5,000 upon 
Location metropolitan New York area 


Starting salary 
depending experience 
Enclose 
résumé of education and experience with initial 
reply 


Available 


730. Aeronautical Engineer—With 16 years’ 
experience specializing in the fields of operations 
research, systems analysis, aerodynamics, dy- 
namics, structures, control and stability as applied 
to guided missiles, fixed and rotary wing aircraft; 
including technical administrative experience in 
missile evaluation and systems analysis. Desires 
to establish an operations research or systems 
analysis group. 

729. Summer Teaching or Research Work— 
Ph.D., Assistant Professor in aeronautical engi 
neering department of a Midwestern state uni- 
versity, seeks summer teaching or research work 
in the field of aeronautics 

725. Research Engineer—Age Se.D. in 
Applied Mechanics, broad background in applied 
mathematics. Six years’ research and develop- 
ment experience in 


32; 


and aircraft 
structures, including experimental flutter research, 


aeroelasticity 


model design and testing, aircraft load and stress 


analysis. Desires responsible position offering 


wide interest and opportunity 


724. Representative—Executive—B.A. and 
M.B.A. degrees: 14 years’ aircraft experience 
(sales, service, and production) Government 


buyer aircraft equipment 
representative 


Field and factory 
Automotive staff experience. De- 
sires association with aviation division of com- 
mercial equipment firm. Midwest or Southwest 


Preferred. Opportunity important. Brochure 
available 
722. Administrative Assistant—General Man- 


agement—Mechanical Engineer. Age 29; Six 


PERSONNEL OPPORTUNITI 
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AIRCRAFT DIVISION 


... WHERE THE FUTURE 


FOLLOW THE SUN TO A NEW 
ENGINEERING OPPORTUNITY! 


Get new enjoyment and satisfaction from your work in 


sunny, attractive Florida! 


Fairchild’s new engineering facilities at St. Augustine com- 
bine two important attractions: Advanced research and 
development in all phases of aviation, and superb living 


conditions in one of America’s most delightful areas. 


Openings exist for engineers who have experience, am- 
bition and talent to contribute to the Fairchild Research 
and Development programs in such fields as aerodynamics, 


structures, weights and design. 


Investigate this opportunity for a sunny, profitable future! 


Send your resume today to Walter Tydon, Chief Engineer. 


A Division of 


Fairchild Engine and Airplane Corporation 


FAIRCHILD 


* HAGERSTOWN, MARYLAND 


1S MEASURED IN LIGHT-YEARS! 
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4 years’ €X} 
tion and 
NEW PRIME DEVELOPMENT PROJECT iene 
4 tions, eqt 
at The Garrett Corporation h sams 
T Ee expeditor 
Newly formed Rex division has immediate 
openings for Turbomachinery Specialists — 
unusually interesting, unusually promising. AERONAUTICAL 
— 
»duct) 
: This is a prime development program which will interest : ae s 
° as 1 Bro 
Verbomachinery Engineers who welcome a ‘“‘ground floor 4 ENGINEERING 
opportunity with no ceiling on advancement. 
This new Garrett division has tremendous growth potential 
; for the engineering staff now being formed. ; REVIEW Erg 
le 
: If you are qualified by experience, are eligible for secret \ ne i 
siv xp 
' clearance, and are interested in any of the following cate- ' i cept and J 
trance, an Announces its 
: gories in design, development or drafting, please write for ‘ 
‘ further information to: Robert L. Ehinger, Rex Division, 9851 x h in M.E.-A 
H So. Sepulveda Boulevard, Los Angeles 45, California. ; 6t Annua over 1,00 
fighters, c 
: Mechanical Design Combustion ‘ Presently 
Heat Transfer Controls flight-test 
Stress Aerodynamics SPECIAL ISSU E Air Natio 
1 Vibrations Testing ; which car 
5 Fuel Systems Materials ; enon 
Pumps Lubrication 
Seals 
| oll ELECTRONICS 
( 
IN AVIATION America 
; os Angeles 45, California : Walte: 
- Branch, 
= May 1956 Issue |} 
ENGINEERS 
Design | 
ARMA in R 
Pi eadership will include Young 
America’ 
and technical specialists ac- 
Immediate openings for ARMA, recognized for its accomplishments in the fields tively engaged in all aircraft ( 
Supervisory and Staff of navigation and fire control, is a leader in the 
positions as well as for development of Inertial Navigation. This new system research, development, and Lt. Te 
Senior Engineers, deals solely with space, time and acceleration... pp. 241 
Engineers, and acting independently of external influences. in incom 
Associate Engineers, operational projects (military pressures 
tie: Creative engineering of the highest order is required tunnel w 
é to develop components making Inertial Navigation planes, guided missiles, heli- of the ap 
GYROSCOPICS possible: accelerometers to measure acceleration; : On th 
integrators to convert this information into velocity copters, light aircraft, com- Wind Tu 
DIGITAL COMPUTERS and distance; gyros to provide directional reference Woods. 
ACCELEROMETERS and hold the system stable; computers to calculate i A, Dec 
es computers mercial transports, etc.). 
TELEMETRY course-to-steer and distance-to-go. Components P - ) of findin 
GUIDANCE SYSTEMS must meet rigid weight and size requirements... tunnel b 
STABILIZING DEVICES and function with undreamed-of accuracy. flow. : 
SERVOMECHANISMS ORDER ADVERTISING SPACE NOW! Essais 
MA, one of America’s largest producers of ultra-precise Homoth¢ 
AUTOMATIC CONTROLS equipment, offers unlimited opportunity for engineers Forms Close April 6th and M. 
THERMODYNAMICS to help in this great endeavor. Challenging projects SE . : nautique, 
OPTICS and ARMA’s extensive supplementary benefits (=) Wire or fact French. 
ENVIRONMENTAL RESEARCH an ARMA carcer doubly attractive. tin | dy 
TRANSFORMERS models a: 
Send resume to: and Re 
Stationar 
ARMA Technical Dept. 2-500 Aeronautical Engineering Review Specifi 
Division o American Bosch Arma Corporation MM 2 East 64th St., New York 21, NY. a 
Roosevelt Field, Garden City, Long Island, N.Y. | TEmpleton 8-3800 des Sou 
AG 4/M 


AL 


| 


iow! 
6th 


or fact 
forma- 


years’ experience—plant operations, administra- 
tion and research, aviation industry, pilot. Ex- 
perienced in technical conferences, customer rela 
tions, equipment specifications, evaluation pro- 
yrams Excellent coordinator, troubleshooter, 
expeditor Desires association in aviation prod 
ycts or related manufacturing fields. Midwest or 
East location 

718. Technical Executive—Can administer 
own group or assist top executive in program (or 
product) planning, design, development, or re- 
search. Strong in building and handling person 
nel. Broad interests supported by integrated 
background in wide range of light to heavy me- 
chanical items and associated fields. M.E., ad 
yanced degree, 20 years’ experience 

715. Technical Director—B.S. in Ae.E.; 18 
years of management, aircraft sales, and com 
ponent (except electronics) experience Exten- 
sive experience in Air Force weapon system con- 
cept and programs. Desires direct sales or repre 
sentative position in Washington, D.C., area 

714. Aeronautical Engineer—Jet Pilot—B.S 
in M.E.-A.E. with 8 years’ flying experience and 
over 1,000 hours in all types of Air Force jet 
fighters, commercial license—single engine, land 
Presently employed by leading aircraft firm as 
flight-test engineer while flying jet fighters for the 
Air National Guard. Desires a flying position in 
which can utilize engineering knowledge. Loca 
tion not essential 


IAS News 


(Continued from page 113) 


Uyeda, Glen K., B.S., Jr. Engr., North 
American Aviation, Inc. (Downey). 

Walter, William C., B.S., Proj. Engr., 
Bomber New Devel. Office, Bomber 
Branch, Weapons Systems Directorate, 
Detachment 1, ARDC, W-P AFB. 

Yeager, Robert W., A.A. in Ae.E., 
Design Engr. ‘‘B,’’ Stress Analysis, Aero- 
jet General Corp. 

Young, John H., Jr. Engr., North 
American Aviation, Inc. (Los Angeles). 


Reviews 
(Continued from page 160) 


L.H. Tanner. Aero. Quart., Nov., 1955, 
pp. 241-253. Experimental calculations 
in incompressible flow compared to known 
pressures on a circular cylinder in the 
tunnel working section, with a description 
of the apparatus. 

On the Theory of Two-Dimensional 
Wind Tunnels with Porous Walls. L. C. 
Woods. Proc. Royal Soc. (London), Ser. 
A, Dec. 6, 1955, pp. 74-90. Application 
of findings to obtain a design for zero 
tunnel blockage in subsonic compressible 
flow. 

Essais en Souffierie de Maquettes 
Homothétiques de Flottement. R. Dat 
and M. Trubert. La Recherche Aéro- 
nautique, May-June, 1955, pp. 23-29. In 
French. Subsonic wind-tunnel tests to 
study dynamic similitude using homothetic 
models and taking into account wall effects 
and Reynolds Number modifying non- 
stationary aerodynamic forces. 

Specifications for AGARD Wind Tunnel 
Calibration Models (Caractéristiques des 
Maquettes de l’AGARD pour 1’Etalonnage 
des Souffieries). NATO AGARD Memo. 
AG 4/M3, Aug., 1955. 6 pp. Revised. 
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ENGINEERING 
UNLIMITED 


...an established concept at 
Convair-Pomona where your 
opportunities in the career of your 
choice are virtually unlimited. Work 

in the finest engineering facility in the 
country at America’s first exclusive 
Guided Missile plant. Ultra-modern 
surroundings, completely air-conditioned, 
in beautiful Pomona only minutes from 
Los Angeles, the mountains, the seashore 
or desert recreation. Here is country 
living near the city at its best: 


Excellent opportunities 


available now in: 


ELECTRONICS 

DYNAMICS 

AERODYNAMICS 
THERMODYNAMICS 

OPERATIONS RESEARCH 
HYDRAULICS 

MECHANICAL DESIGN 
LABORATORY TEST ENGINEERING 


Generous travel allowance 

to Engineers who are accepted. 
Write now enclosing 

a complete resume to: 


Empleyment 
Dept. 3-N 


CONVAIR 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


POMONA, CALIFORNIA 
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